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Displacement, velocity, and acceleration admittances were cal­
culated for a realistic NASTRAN structural model of Space Shuttle
 
for three conditions: liftoff, maximum dynamic pressure and end
 
of Solid Rocket Booster burn. The realistic model of the Orbiter,
 
External Tank, and Solid Rocket Motors included the representation
 
of structural joint transmissibilities by finite stiffness and
 
damping elements. Data values for the finite damping elements
 
were assigned to duplicate overall low-frequency modal damping
 
values taken from tests of similar vehicles. For comparison with
 
the calculated admittances, position and rate gains were computed
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The presence of distributed damping in aerospace structures may significantly
 
affect predicted dynamic responses, particularly of high-order modes. The
 
development and implementation of a general methodology framework for evaluating
 
the effect of distributed structural damping on spacecraft structures was begun
 
under Contract NAS8-30655, the results of which are reported in Reference 1.
 
The purpose of the present study is to assess the influence of discrete damping
 
elements on a structural model of the Space Shuttle using admittance techniques.
 
The following three phases of the study are summarized herein:
 
Phase I - Develop a realistic NASTRAN structural model using a preprocessor
 
for describing joint transmissibilities and a postprocessor for selecting signif­
icant resonances.
 
Phase II - Develop a conventional normal-mode structural model; compare realistic
 
and conventional models; and establish criteria for the excitability of high­
order modes.
 
Phase III - Update the mass, stiffness, and damping effects in the Space Shuttle
 
structural model; calculate admittances at liftoff, max. Q, and SRB cut-off; and
 
simplify the Space Shuttle structural models for use in attitude control, POGO
 
stability, dynamic loads and vibration analyses.
 
These objectives were accomplished primarily through the calculation of admittances
 
for a realistic NASTRAN'structural model of the Space Shuttle. The admittances
 
were computed with a postprocessor computer program using modal characteristics,
 
including a coupled modal damping matrix, from a NASTRAN restart tape. The
 
damping characteristics were included in the structural model with the aid of a
 
preprocessor computer program. Damping parameters for the joints in the Orbiter
 
were calculated using a joint damping predictor computer program.
 
The results of this study are presented in two volumes. Volume I contains the
 
technical approach used in describing distributed joint damping in a finite
 
element model of the Space Shuttle, the method used to calculate individual joint
 
damping parameters to provide realistic modal damping, and the techniques for
 
calculating structural admittances using a coupled modal damping matrix. The
 
computer programs developed to perform these tasks are described in Section 2.0,
 
with program descriptions and listings included inAppendices I, II and III.
 
The finite element model of the Space Shuttle vehicle is described in Section 3.0.
 
Sections 4.0 and 5.0 present critical resonances for the conventional and
 
realistic models for the liftoff condition, respectively. Section 6.0 contains
 
a comparison of the realistic and conventional approaches. Section 7.0 presents
 
-computer time estimates, and conclusions of all three phases of the study are
 
presented in Section 8.0.
 
Volume II,Section 2.0, contains the structural dynamic characteristics of the
 
Space Shuttle vehicle at liftoff, max q and SRB cutoff, including mode shapes
 
at selected freedoms, modal frequencies, generalized masses, and coupled gen­
eralized modal viscous damping coefficients. Admittances-for the three mass
 






Methodology for developing the realistic NASTRAN Shuttle sttctural model is
 
contained in a preprocessor computer program to generate joint damping and
 
transmissibility data, a joint damping predictor computer program to calculate
 
joint damping constants which will result in specified modal damping, and a
 
postprocessor computer program to select significant resonances by the admittance
 
approach. The methodology developed for each of these three computer programs
 
is described in Sections 2.1, 2.2 and 2.3, respectively.
 
2J1 STRUCTURAL JOINT MODELING
 
Structural damping is comprised of both material (hysteretic) damping and energy
 
dissipation in structural joints. Material damping may be represented in linear
 
dynamic response analyses by uncoupled modal viscous damping. ratios (6= C/Cc).
 
Energy dissipation in structural joints, which is a nonlinear function of many
 
parameters, must also be represented by linear models so that linear analysis
 
techniques may be used. According to Mead (Reference 2), representing joint damp­
ing by equivalent viscous damping isjustifiable for structures subjected to
 
sinusoidal excitation since sinusoidal response is not appreciably affected by
 
damping nonlinearities. The linear model used successfully in Reference 1 to
 
represent structural joint transmissibility of beams is the Voigt model.
 
The two-parameter Voigt unit, shown schematically in Figure 2-1, consists of a
 
spring in parallel with a viscous damper. It is the simplest complex-notation
 
model and possesses hysteretic properties characteristic of damping in materials
 
and structural joints. For sinusoidal excitation, the equivalent damping and
 
stiffness coefficients for the Voigt model, in series with a spring, CT and KT,
 





CT (K+K 2 + C 2 (1) 
KK.(K+K.) + C-2K 
KT= J (2)2















Figure 2-1. Schematic of Single Degree-of-Freedom Voigt Joint Model 
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For very low frequencies, 
C _~K )123 
CT(0O) = Cj(mT)- (3) 
K(4 
KT(C=O) = Kj K+Kj (4) 
Equations (3)and (4)indicate that the total Voigt joint/member stiffness co­




For very high frequencies,
 
CT(=) = 0 (5) 
KT( =-) = K (6) 
Equations (5)and (6)indicate that at very high frequencies the damper becomes
 
rigid. These frequency-dependent characteristics of the Voigt model are con­
sistent with the physical observations made by Ungar (Reference 3, page 149).
 
The preprocessor computer program was developed to implement this methodology by
 
adding structural damping representations to a NASTRAN finite-element structural
 
model. The original preprocessor described in Reference 1 modifies the input
 
data for a conventional finite-element structural model and generates additional
 
inputs necessary to incorporate the Voigt joint damping model at the ends of
 
specified BAR and ROD elements.
 
The original preprocessor has been updated by several modifications. The major
 
modification is the additional capability for modeling riveted or bolted joints
 
in quadrilateral plate elements. The minor modifications include improving the
 
ROD joint model, the generation of double-field PBAR and PVISC cards, which
 
eliminates certain format limitations, and providing the capability of accepting
 




modification, all gridpoint coordinates defined in cylindrical and rectangular
 
coordinate systems are simply converted into the basic NASTRAN rectangular co­
ordinate system.
 
The procedure used for modeling riveted or bolted joints in plate elements is
 
consistent with the damping mechanism described by Mead (Reference 2). Accord­
ing to this theory, energy loss between two adjacent plates compressed by rivet
 




(1) elastic hysteresis or material damping due to small motions in the 
elastic range; 
(2) local plastic defomation in the area of the attachment due to motions 
in the plastic range; 
(3) dynamic friction losses due to local relative slipping. 
A detailed description of the input and output features of the preprocessor
 
computer program is presented in Appendix I.
 
The extreme complexity of the stress distributions and friction characteristics
 
in the contact areas may preclude the theoretical prediction of local joint
 
energy losses. The problem of assigning data values to parameters of the NASTRAN
 
joint model corresponding to this theoretical damping mechanism will therefore be
 






This section describes the procedures used by the preprocessor computer program
 
to add structural joint models to NASTRAN ROD elements. The preprocessor modifies
 
the input data for a conventional finite-element structural model and'generates
 
additional inputs necessary to incorporate a Voigt joint damping model at one end
 
of each specified ROD element. The damping characteristics of ROD joints are
 




A schematic of a NASTRAN ROD element with a structural joint at one end is shown
 
in Figure 2-2. When the user requests a joint to be incorporated at gridpoint A,
 
the preprocessor establishes the model as follows:
 
a. 	 Properties of the original ROD are modified to incorporate the
 
effect of the joint stiffness characteristics.
 
b. 	Material damping in the ROD is incorporated based on the damping
 
constant supplied by the user.
 




The original preprocessor described in Reference 1 constructed a ROD joint by
 
inserting a new gridpoint at c, modifying the properties of the ROD from a to
 
c, and inserting a VISC element from a to c.
 
Modifications were made to the preprocessor to eliminate the need for the additional
 
gridpoint (c). The user still specifies the length of the joint as a fraction of
 
the original ROD length, the properties of the joint as fractions of the original
 
ROD properties, and the damping constant of the viscous damper between gridpoints
 
a and c. The preprocessor now modifies the properties of the original ROD to
 
incorporate the joint stiffness and damping effects and incorporates a VISC
 
damping element between gridpoints a and b only if a torsional damping value isspeci
 








' KG(I-KJ) + KJ 	 (8) 
where: KG = joint length factor
 
KA = 	joint area factor
 
KJ = 	joint torsional constant factor
 
A = 	original ROD area
 
J = 	original ROD torsional constant. 
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ROD elements 
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a) Schematic of Desired ROD Joint
 





--------- modified VISC element
 
b) Modified ROD Joint Schematic
 




If axial damping is requested (Cl # 0.), a new material card (MAT1) is generated
 
for the rod which includes material damping (GE).
 
GE = CI'. (9) 
A-E 
= C KG + ]where: Cl' 

= original ROD length
 
E = Youhg's modulus
 
C1 = original axial damping constant.
 
If torsional damping is requested (C2 0 0.), a VISC element is inserted between
 




C2' C2KG(I-KJ) + KJ
 C2' = C2F KGK, K] (10) 
where C2 is the original torsional'damping constant.
 




Default values are automatically specified by the preprocessor for the NASTRAN
 
data describing ROD joints. The default value specifying joint length results
 
in ROD parameters equivalent to a joint whose length is ten percent of the orig­
inal element length. Default values specifying joint member area and torsional
 
constant are unity; i.e., the area- and torsional constant of the equivalent ROD
 
(with joint effects included) are the same as the original element, However,
 
joint flexibility effects can be included using different joint factors.
 
The VISC elements and parameters chosen to define the joint damping characteristics
 
must result in a physical damping matrix which satisfies kinematic compatibility.
 
The compatibility relations for the damping matrix are represented by
 
FBGG]{ R} = {0} (11)
 




{fR} is an arbitrary-vector of rigid-body translations and rotations.
 
Equation (11) ensures that no damping forces are generated by rigid-body
 
motions. With regard to kinematic compatibility, the NASTRAN VISC damping
 
element is limited to two applications:
 
a. With translational damping, the compatibility relations are
 
satisfied only when the axis of the VISC element is aligned
 
with an axis of the displacement coordinate system.
 
b. Without translational damping, the compatibility relations
 
involving only rotational damping are satisfied for any
 
orientation of the VISC element.
 
For the general case of an arbitrarily oriented element having both transla­
tional and rotational damping components, the present NASTRAN VISC element
 
does not provide the translation/rotation damping coupling terms required by
 
Equation (11). Therefore, since VISC elements are used only for rotational
 




This section describes the procedures used by the preprocessor computer pro­
gram to add structural joint models to NASTRAN BAR elements. The preprocessor
 
modifies the input data for a conventional finite-element structural model and
 
generates additional inputs necessary to incorporate a Voigt joint damping
 
model at one end of each specified BAR element. The damping characteristics
 
of the joints are modeled with the material damping in ROD elements.
 
A schematic of a NASTRAN BAR element with joint damping model included at
 
one end is shown in Figure 2-3. The original element lies between gridpoints
 
a and b. When the user requests a joint damping model to be included at
 
gridpoint a, the preprocessor establishes the model as follows:
 
a. 	Gridpoint c is introduced on the BAR axis at a specified
 
distance from gridpoint a.
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b. Properties of the BAR'between gridpoints a and c are altered
 
as specified, either by direct input or by default values, to
 
provide desired joint stiffness characteristics.
 
c. For the BAR element, gridpoints e and f are established such that
 
gridpoints a, b, e and f form an orthogonal axis system at grid­
point a. Gridpoint e is in plane 1 of the BAR element, and
 
gridpoint f is inplane 2. The distances from gridpoint a to
 
gridpoints c, e and f are identical.
 
d. ROD elements (m, n and p) with desired material damping properties
 
are inserted between gridpoints a and c, a and e, and a and f.
 
e. Gridpoints e and f are multipoint constrained to gridpoint c.
 
Material damping in a ROD element provides damping along its axis and in
 
torsion about its axis. Therefore, for a BAR element, three ROD elements
 
are required at each gridpoint to provide damping forall six degrees of free­
dom. The locations of gridpoints e and f in Figure 2-3 are calculated, in
 
the rectangular coordinate system, by vector analysis. Vb and VR are defined
 
as position vectors from gridpoint a to gridpoint b and from gridpoint a to
 
the BAR orientation gridpoint, respectively. The components of Vb, for 
example, are 





Ya{j (2 (12) 
The vector from gridpoint a in the direction of gridpoint f is calculated as
 
the vector cross product
 
Vf = b x VR (13) 
0
 
This results in a vector which is perpendicular to plane 1 of the original
 
BAR element. The vector from gridpoint a to gridpoint F (Vf),is normalized
 





Vf 0(IVfI/IV 0o) (14) 
The location of gridpoint f is then calculated by
 
Yf j Ya + f2 (15) 
zf za tVf3
 
The vector from gridpoint a in the direction of gridpoint e is calculated
 
using the cross product of Vf and Vb­
e Vfx Vb (16) 
e0
 
The vector from gridpoint a to gridpoint e (Ve) is also normalized such that
 
its magnitude is the same as the magnitude of the vector from a to c.
 
Ve= e° (IVi/i i) (17) 
The location of gridpoint e is then calculated by
 
Ye = Ya + Ve2 (18) 
ze a Ve3] 
Default values are automatically specified by the preprocessor for the NASTRAN
 
data describing BAR joints. The default value specifying joint length results
 
in a joint member whose length is ten percent of the original element length.
 
The default values specifying joint member area, moments of inertia, and
 
torsional constant are unity; i.e., the joint member has the same area and
 
moments of inertia as the parent member. However, factors different from
 
unity can be used to increase flexibility in the joint.
 
Damping in the joint is obtained from material damping in the ROD elements
 
(m, n and p). Material damping in NASTRAN is proportional to the element
 
stiffness in each degree of freedom. The proportionality constant, GE, is
 
input on the material property card. Using one value of the material damping
 




damping for each degree of freedom can be made different by changing their
 
stiffnesses, i.e., cross-sectional areas and area moments. The material
 
damping factor (GE) is based on the specified joint damping constants and
 
is made arbitrarily large so that the stiffnesses of individual joint RODS
 
are small and do not affect the joint stiffness.
 
(19)
GE 	- k 

E 	 KA A
 
where Ct = Clm + Cln + Clp + C2m + C2n +C2p
 
Then the individual ROD properties are:
 
Am 	 Clm( .,m = C2m( G
 
An = 	 Cln(E ikGE)' Jn= C2n (6 £kGE) (20) 
ClP( E nk' .k (20)) = 
2.1.3" Plate Joints
 
This section describes the procedures used by the preprocessor computer program
 
to add structural joint models along one edge of some types of NASTRAN plate
 
elements. A schematic of a NASTRAN quadrilateral plate element with a joint
 
damping model included along one edge is shown in Figure 2-4. The plate
 
elements may be referenced by any of the following NASTRAN connection cards:
 
CQUADI, CQUAD2, CQDMEM, or CSHEAR. For QUADI or QUAD2 plate elements having
 
both inplane and bending stiffness, when the user requests a joint damping
 
model to be included along the edge between gridpoints a and b, the prepro­
cessor establishes the model as follows:
 
a. 	Gridpoints c and d are introduced along the plate edges at a specified
 
distance from gridpoints a and b.
 
b. 	ROD or BAR elements, if any, located along these edges are attached to
 
the introduced gridpoints (c and d) for continuity.
 
c. 	ROD or BAR elements, if any, located along the joint between gridpoints
 
a and b are each divided into two members located between gridpoints a
 












ROD ELEMENTS WITH 
VISCOUS DAMPING 
Figure 2-4. Plate Joint Damping Model Schematic 
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d. 	Axial ROD elements having axial stiffness and damping are introduced
 
between gridpoints a and c and between b and d to provide desired stiff­
ness and damping characteristics.
 
e. 	Diagonal ROD elements having axial stiffness and damping are introduced
 
between gridpoints a and d and between b and c to provide desired stiff­
ness and damping characteristics.
 
f. 	The out-of-plane '(transverse) shear stiffness is considered a negligible
 
quantity and is therefore not explicitly treated in this model.
 
g. 	Depending on the structural characteristics of the joint being repre­
sented, the local moment can be transferred across the joint if desired
 
by multipoint constraint equations using gridpoints a and b as inde­
pendent freedoms and gridpoints c and d as dependent freedoms.
 
The preprocessor model for QDMEM and SHEAR plate elements, having only
 
inplane stiffness, is identical to that just described except that the rota­
tional freedoms must be multipoint constrained across the joint except when
 
BAR elements are used as edge members. In addition, when adjacent plate elements
 
lie in a plane, the out-of-plane translational freedom must also be multi­
point constrained except when BAR edge members are used. This is to eliminate
 




The preprocessor model for SHEAR plate elements also includes ROD elements
 




The multipoint constraint (MPC) equation for the out-of-plane translational
 
freedom across a joint is automatically generated even when the plane elements
 
are inclined to the basic rectangular coordinate system. The MPC equation is
 
determined by transforming the standard "rigid-body" constraint matrix by the
 
direction cosines defining the vector normal to the plate elements. The
 
direction cosines are determined from the scalar components of the vector
 
cross-product of the position vectors on the plate corner gridpoints adjacent
 
to the specified joint gridpoint. The dependent freedom is chosen from the
 
grid across the joint from the specified joint gridpoint as that freedom
 




translational freedom is, of course; not required when the plates along the
 




Default values are automatically specified by the preprocessor for the NASTRAN
 
data describing the structural joints. For the riveted or bolted joints in
 
quadrilateral plate elements, numerical default values are specified for joint
 
width, area for axial. ROD elements, and area for diagonal ROD elements. The
 
joint width is specified as five percent of the distance between gridpoints
 
a and b. The nominal areas for both the axial and diagonal ROD elements are
 
defined so as to duplicate the inplane axial and shear stiffnesses of the
 
original plate. The default values for these ROD areas are unity. However,
 
other joint factors based on estimated effectivity associated with the stress
 




2.1.4 Data Preparation for Joint Damping Predictor
 
Specialized NASTRAN input is automatically generated by the preprocessor for
 
generating uncoupled partitions of the element damping matrix required for
 






2.2 JOINT DAMPING PREDICTION
 
This section describes the procedures used by the joint damping predictor
 
(JDP) computer program to determine data values for the local NASTRAN damping
 
elements. The specific purpose of the JDP is to evaluate coefficients for
 
NASTRAN VISC and ROD elements such that specified damping ratios are obtained
 
for selected total vehicle or major substructure modes. This approach accounts
 
for the fact that a given local damping element may contribute significantly to
 
the damping of several different vehicle modes. The JDP program used with the
 
preprocessor program and such vehicle low-frequency modal damping equations as
 
those presented in References 4 and 5 permits the rational prediciton of struc­
tural damping for the higher-frequency modes.
 
The JDP program operates on damping data not readily available from NASTRAN.
 
Required BULK DATA for this specialized use of NASTRAN is prepared automati­
cally by the preprocessor; specialized NASTRAN DMAP ALTER statements are also
 
required. The output of this unique preprocessor/NASTRAN run is used as input
 
by the JDP program. The JDP program reads the following data from the NASTRAN
 
checkpoint/restart tape: 
[D1 the matrix of overall vehicle mode shapes 
[BGG) the overall vehicle element damping matrix 
[DMIG] the partition vector used for separating matrices 
into selected subsets. 
The JDP computer program requires sets of local damping elements to be separated
 
from each other so that an influence coefficient approach may be employed. Thus,
 
when two or more damping elements from different damping sets attach to the same
 
gridpoint, duplicate gridpoints (having the same coordinates) must be defined.
 
Modified element connections are then defined to attach damping elements to the
 
duplicate gridpoints as required. To assure that the basic stiffness and mass
 
characteristics of the structure are not affected by these operations, multipoint
 
constraint equations are required to constrain the duplicate gridpoints to move
 
with the original gridpoint.
 
The preprocessor computer program automatically generates NASTRAN data for the
 
duplicate gridpoints, modified element connections, and multipoint constraint
 




without modifying the dynamic characteristics of the structure. The element
 
damping matrix [BGG] is then partitioned into distinct damping sets [BGGj].
 
The set corresponding to j=O contains damping elements with parameters known.
 




Overall vehicle damping values may be determined from equations of energy loss
 
per cycle vs. modal kinetic energy such as described in References 4 and 5.
 
These equations, which are based on aerospace modal test data, enable realistic
 
damping values to be predicted for selected fundamental vehicle modes. From
 
these total modal damping ratios for m selected low-frequency modes and from
 
the partitioned damping sets, scale factors can be calculated for the damping
 
sets with the assumed values. The joint damping predictor automatically per­
forms the following operations:
 
a. 	Calculate the contribution to the diagonal of the overall, vehicle modal
 
damping matrix D* due to the damping elements in sets j=l,...,n.
 
{D*} = {2( - m)wM*} - {BHHO} (21)
 




tmi is the modal damping ratio representing the material damping
 
E is the frequency of the ith mode
 
M*i isthe generalized mass of the i mode
 
{BHHO} is the diagonal of the generalized damping matrix calculated
 
using the element damping matrix with known parameters [BGGO] and the
 
partition of the matrix of mode shapes corresponding to these freedoms
 
and the selected modes.
 
b. 	Calculate a matrix of damping influence coefficients [C*] such that
 
{D*} = [C*]{A} (22)
 
where {A} is a vector of scale factors
 
Ij 	{j}i EBGGjI{sj i is the unit generalized ,damping contribution
 
of the jth damping set and the ith selected mode.
 





{A} = ([c*]T[c*:) [C*]T{D*}  	 (23) 
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d. 	Multiply the element damping sets by A. (j=l,...,n) and calculate-the
 
updated generalized damping matrix for verification of the analysis.
 
The basic output of the joint damping predictor computer program is the scale­
factor vector {AI by which the damping parameter values assumed for the initial
 
preprocessor/NASTRAN run are multiplied. The vector {A} is calculated such that
 
rationally specified modal damping values for selected fundamental vehicle modes
 
are obtained in the NASTRAN model. Subsequent system dynamic characteristics of
 
this modelcombined with other models similarly calibrated,comprise realistic
 




2.3 ADMITTANCE MATRIX CALCULATION
 
The original post-processor computer program was developed to select critical
 
modes for low-frequency control-system studies and higher frequency vibration
 
analyses of the Large Space Telescope (Reference 1) using structural dynamic
 
characteristics obtained from a NASTRAN restart tape. The basic calculations
 
were performed, for ease of computation, using uncoupled normal modes. A study
 
indicated that the effects of modal velocity c6upling could be significant to
 
responses in certain frequency ranges (Reference 6). The original postprocessor
 
has therefore been updated to use admittance techniques for selecting critical
 
resonances for subsequent dynamic response and loads studies. The NASTRAN
 
calculation of the required coupled modal damping matrix is accomplished with
 
DMAP ALTER statements in the NASTRAN EXECUTIVE CONTROL deck.
 




[M] the matrix of mode shapes for selected modes and freedoms
 
{M*I the matrix of generalized masses for selected modes
 




{10 the matrix of modal frequencies for selected modes
 
The coupled modal damping matrix is calculated by applying the modal transformation
 
to the viscous damping matrix BGG generated by NASTRAN in physical coordinates
 
[D*] = []TEBGG] [ ] (24)
 
The postprocessor computer program accepts this data and, with options 4-6,
 
selects critical resonances within a specified frequency range, using an admittance
 
approach. Discussions of the methodology for options 1-3 may be found in Reference
 
1 and in Appendix III as part of the user's manual. The computations for the
 
admittance approach are performed primarily in generalized modal coordinates for
 
maximum numerical efficiency. The admittance matrices are then transformed back
 
to physical coordinates for the selection process. Each term in the complex
 




defined as the response at one degree-of-freedom due to a unit sinusoidal input
 
of frequency S applied at another degree-of-freedom. The responses of interest
 
are assumed to be either displacement or velocity, and the unit input could be
 
either force or moment. The displacement admittance matrix for frequency S in
 
Physical coordinates is defined by
 




{X(jM)} 	 column of complex physical displacements at the response
 
freedoms at frequency $,
 




{F(S)1 = 	 column of unit sinusoidal inputs at frequency applied 
at the input freedoms. 
The admittance matrix in physical coordinates is related to the corresponding
 
matrix in modal coordinates as follows:
 




DRI = matrix of mode shapes by column for the response freedoms,
 
41i T = matrix of mode shapes by row for the input freedoms.
 
The modal displacement admittance matrix is expressed in terms of the dynamic
 
characteristics output on the NASTRAN restart tape as follows:
 
[AD(M)(joS)] = 	 N 2 _21 . + jO[Do*] C271 
where: 
Wi = modal frequency of the ith mode, 
Mii* = generalized mass of the ith mode, 
Dik* = generalized damping term coupling the ith and kth modes. 
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If desired for computational purposes, an optional screening may be performed
 
to identify modes with potentially significant coupl-ing for inclusion in the
 
subsequent calculation. The screening process is based upon the presumption
 
that potential coupling exists if the magnitude of an off-diagonal term in
 
the coupled damping matrix is sufficiently large in comparison with the
 
diagonal term and if the frequency of the mode associated with that off-diag­
onal damping term is sufficiently close to the excitation frequency. Potential
 






and if, 1 Y C < < 1 + Y C (29) 










is an equivalent modal viscous damping coefficient.
 
Reference 7 presents a similar modal coupling assessment criterionfor lightly
 
damped modes. Coupling can be ignored if
 
2Cj/[ / 2 11 1/2 << 1 (30)
 
for p/wj > 1 and provided that Dt./Dt. 1 or smaller.
 
Inverting Equation (27) by partitions results in the following expression for
 
the modal displacement admittance matrix:
 
A(M) )] [CD(M)] jDD(M)31)
 
where: [DD(M)] = .[[BD] + [AD]BD -] [AD] = [ 2 .2)M 
[CD(M)] - [DD(M)][AD][B 0 -1 [BD] = a[D*] 
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Transforming back to physical coordinates using Equation (26) results in a
 




[AD(P) (j)] = [ RJECD(M)][J]T + j[tR[DJ()][ I]T
 
= [Co(P)] + J[DD(P), (32) 
The derivation for the velocity admittances is, of course, directly analogous.
 
The modal velocity admittance matrix is
 
[AV(M) (j)] = [Cv(M)] + J[Dv(M)] (33)
 
where: - 1 
[cv(m [[BVJ + [AVJ[BV] 1[AV] [BV] = [D*] 
[Dv(M)]-= [Bv-Il[Av][Cv(M)] [AV] = - ( 2 2)M*- ] 
and the velocity admittance matrix in physical coordinates is
 
[Av(P) 00s)] = [,R]CV(M)][I]T + j[OR][Dv(M)][ I]T 
= [Cv(P) ] + J[Dv(P) ] (34) 
For both displacement and velocity admittances, the desired amplitudes and lead
 
phase angles are determined from either Equation (32) or Equation (34) as follows:
 
IAijs(P)(0 = [Cij(P) ()2 + D ij(P)(5)2]
 
eij(0) = tan-liDi(P)( )I/Cij(P)()1
 
where i and j are indices referring to selected'response and input freedoms.
 
For each pair of response and input freedoms, the admittance amplitudes and lead
 
phase angles (defined from 00 to +1800) are tabulated versus increasing frequency
 
() as the primary output of the postprocessor. The rank corresponding to each
 




Acceleration admittances are calculated from the corresponding displacement
 
admittances. The displacement amplitudes are multiplied by a2 and the dis­
placement phase angles are shifted +1800 for the acceleration admittances.
 
For each pair of response and input freedoms, the admittance amplitudes and
 
lead phase angles (defined from 00 to +1800) are tabulated versus increasing
 
frequency (C)as the primary output of the postprocessor. The rank correspond­




3.0 REALISTIC STRUCTURAL MODEL
 
A realistic NASTRAN structural model of the Space Shuttle was developed using
 
the preprocessor to incorporate structural joint stiffness and damping char­
acteristics. The objective of the modeling task was to develop a sufficiently
 
detailed structural model to accurately represent the dynamics of the structure
 
below approximately 25 Hz while keeping the mass degrees-of-freedom to a
 
reasonable number for computational efficiency. The number of mass degrees-of­
freedom established as a goal for each of the three Space Shuttle half-model
 




Detailed descriptions of each of the Space Shuttle component models including
 
structural joints are presented in the following sections along with a descrip­
tion of the model developed to represent SRM propellant dynamics.
 
3.1 SPACE SHUTTLE STRUCTURAL MODELS
 
External Tank and Solid Rocket Motor models were developed using structural
 
drawings supplied by MSFC and the NASTRAN model of the Orbiter was obtained
 
from JSC/SMD, Reference 5, and modified for use in this study. Solid Rocket
 
Motor propellant data and Space Shuttle mass data were supplied by MSFC.
 
Each of the three vehicles inthe Space Shuttle half-model has its own coord­
inate system. The relation of each coordinate system to the overall coordinate
 




The External Tank (ET) half-model consists of 86 gridpoints, 484 stiffness
 
degrees-of-freedom and 96 retained freedoms. The tank shell, and intertank
 
structure were modeled using QUADI, QUAD2, TRIAl and TRIA2 NASTRAN plate
 
elements. Ring stiffeners were modeled using BAR elements. BAR and ROD
 
elements were used to represent the Orbiter support structure. The gridpoint,
 




The forward and aft elliptical LH2 tank domes are modeled using constant
 
thickness plate elements (QUAD2 and TRIA2). Nonhomogeneous plate elements
 









































Y, -In(in.) Z,m (in.)
 
0(0) 	 10.16 (400.)
 




The range of gridpoint numbers for each vehicle is as follows:
 
External Tank (ET) 

































NOTE: The preprocessor inserts gridpoints with numbers in the range 7000 ­
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FICURE 3-4: EXTERNAL TARR PIATF W]IIHRPRHr 
for the longitudinal stiffeners machined into the skin panels. The ring
 
stiffeners at stations xT = 1129.9, 1377.6, 1624.3, 1871.0, and 2058.0 and the
 
longeron at the aft Orbiter attachment fitting are represented by BAR elements.
 
The LO2 tank skin is modeled using homogeneous plate elements (QUAD2 and.
 
TRIA2). Ring stiffeners at stations xT = 744.85 and 851.0 are modeled using
 
BAR elements and include the effect of the slosh baffles attached to them.
 
The ET intertank structure consists of skin panels stiffened longitudinally
 
by external hat section stiffeners and, in the area of the SRM attachment
 
beam, by stiffeners machined into the panels. The effect of 4 of the 5
 
internal ring stiffeners are included in the properties of the QUAD and
 
TRIAl elements used to represent the stiffened intertank skin panels. The
 
ring stiffener at station xT = 985.7 and the SRM attachment beam running
 
through the intertank are modeled with BAR elements.
 
ROD elements are used to represent the Orbiter forward attachment struts at
 
station xT = 1129.9.
 
Details of the aft Orbiter attachment fittings are shown in Figure 3-5. Truss
 
members are modeled using BAR and ROD elements. Ball joint and pin joint
 
characteristics in the Orbiter attachment truss are modeled by appropriate
 
joint and member parameters.
 
External Tank and liquid propellant weights are lumped at 37 gridpoints.
 
Lumped masses for liftoff, max q and SRB cut-off conditions are shown in
 
Table 3-2. The propellant is assumed to be "frozen" to the ET structure.
 
3.1.2 Solid Rocket Motor
 
Each Solid Rocket Motor (SRM) consists of 9 cylindrical propellant case seg­
ments with a nose cone and forward compartment attached at the forward end,
 
and a tail cone and rocket nozzle attached at the aft end. The steel SRM case
 
is represented by a single beam along its centerline using BAR elements as
 
shown in Figure 3-6. The SRM attachment points are constrained to the center­
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FIGURE 3-5: AFT ORBITER ATTACHMENT FITTING
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Table 3-2: External Tank Mass Data
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FIGURE 3-6: SOLID ROCKET MOTOR MATH MODEL
 
_______ 













Also shown in Figure 3-6 are the Maxwell-type viscoelastic models used to
 
represent the complex modulus of the solid rocket propellant in the axial and tor­




The SRM model consists of 24 gridpoints, 86 stiffness degrees-of-freedom and
 
60 retained freedoms. SRM case and propellant weights lumped at 10 gridpoints
 
along the centerline are shown in Tables 3-3 through 3-5 for liftoff, max q
 






A NASTRAN finite element model of an early version of the Space Shuttle
 
Orbiter was obtained from NASA/JSC (Reference 8) and was modified for this
 
study. The model, consists primarily of shear plates (SHEAR) and membrane
 
elements (TRMEM and QDMEM) with BAR elements along their edges. Gridpoint
 
and element numbers for the Orbiter model are shown in Figures 3-7 through
 




The Orbiter model consists of 462 gridpoints, 2460 stiffness degrees-of­
freedom and 136 retained freedoms. Orbiter weights are lumped at 48 grid­
points as shown in Table 3-6. Space Shuttle Main Engine (SSME) weights are
 




Table 3-3: SRM Mass Properties (Liftoff) 
GRID MASS 2 I2 xx  2 
I= 2yy=zz 



































































631(A) 468. (2.7) .40 (3.6) 0 
509 























(L) = lateral mass 






GRID MASS 2 

NUMBER kg(1b-sec /in) 

501 5982. (34.1) 

503 36422. (207.9) 

504(L) 6100. (34.8) 

610(A) 6100. (34.8) 

611(A) 59. (0.3) 

505 63174. (360.5) 

506(L) 6100. (34.8) 

620(A) 6100. (34.8) 

621(A) 59. (0.3) 

507 64478. (368.0) 

508(L) 6100. (34.8) 

630(A) 6100. (34.8) 

631(A) 59. (0.3) 

509 67038. (382.5) 

512(L) 6100. (34.8) 

640(A) 6100. (34.8) 

641(A) 59. (0.3) 

513 41609. (237.4) 





SRM Mass Properties (Max. Q)
 




2.50E3 (2.21E4) 1.77E4 (1.04E5)
 



































Table 3-5: SRM Mass Properties (SRB Cut-Off)
 
Iyy=1zz
GRID MASS Ixx 

NUMBER kg(lb-sec 2/in) kg-m2(in-lb-sec2 kg-m2 (in-lb-sec ) 
501 5982. (34.1) 2.50E3 (2.21E4) 1.17E4 (1.04E5)
 
503 10258. (58.5) 3.52E4 (3.12E5) 7.41E4 (6.56E5)

504 (L) 0 0 0
 
610 (A) 0 0 0
 
611 (A) 0 0' 0
 
505 10836. (61.8) 3.73E4 (3.30E5) 7.83E4 (6092E5)
 
506 (L) 0 0 0
 
620 (A) 0 0 0 
621 (A) 0 0 0 
507 12140. (69.3) 4,18E4 (3.69E5) 8.77E4 (7.76E5) 
508 (L) 0 0 0 
630 (A) 0 0 0 
631 (A) 0 0 0 
509 14700. (83.9) 5.05E4 (4.47E5) 1.06E5 (9.39E5) 
512 (L) 0 0 0 
640 (A) 0 0 0­
641 (A) 0- 0 0 
513 - 15436. (88.1) 5.31E4 (4.69E5) 1.12E5 (9.86E5) 
(L)= lateral mass 
(A) = axial mass 
40
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FIGURE 3-9: ORBITER - FUSELAGE PAYLOAD SECTION (Continued) 
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FIGURE 3-5: ORBITER - FUSELAGE PAYLOAD SECTION (Continued) 
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- THRUST STRUCTURE (Continued)
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FIGURE 3-11: ORBITER - WING (Continued) 
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GRID MASS 2 

NUMBER kg(lb-sec /in) 

11017 1290.5 









































































The payload is modeled as a rigid body as shown in Figure 3-13. Its mass
 
properties represent the Large Space Telescope (LST). The attachment structure
 
is modeled using BAR elements with pin flags to represent the statically deter­
minant payload supports. The weight of the Orbital Maneuvering Subsystem (OMS)
 
kit in the aft portion of the payload bay is included in the weights on the aft
 
bulkhead (forward bulkhead of the thrust structure). Payload and OMS kit mass
 
properties are shown in Table 3-7.
 
3.2 STRUCTURAL JOINTS AND DAMPING
 
Structural joints were included in each of the three half-model vehicles. The
 
joints were inserted in the structure by the preprocessor computer program.
 
Free-free mode shapes of each vehicle were obtained with arbitrary damping in-the
 
joints to provide a starting point for the determination of proper joint damping
 
coefficients. ET and SRM damping constants were calculated by hand while the
 
damping coefficients for the orbiter were calculated using the joint damping
 
predictor computer program. All damping parameters were calculated at liftoff.
 
A study was performed to determine the extent of Coulomb type damping in the
 
SRM/ET forward attachment ball joint and the orbiter/ET aft attachment ball joint.
 
An equivalent viscous damping coefficient (Reference 9) was calculated for the
 
SRM/ET forward attachment as follows:
 




F = VFn = friction force
 
A = amplitude of motion
 




Fn = normal force
 
For rotational motion, the friction force in Equation C35} is replaced by the
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Table 3-7: Payload and OMS Mass Data
 
PAYLOAD (half-model) 
W - 3715. kg (21.2 lb-sec2/in.) 
2657. kg-m 2 (50040. lb-in-sec )Ix ­
y 28850 kg-m 2 (2.552x]05 lb-in-sec ) 




W - 2723. kg (15.54 lb-sec2/in.)­
74
 
to the preload in the ball joint bolt (8.9 x 106 N x .178 m), a friction co­
-
efficient of 0.46, an estimated amplitude of rotation of 2.43 x 10 radians,
 
and a frequency of 18.8 rad/sec, the equivalent viscous damping coefficient is
 
2.0 x 107 N-m/rad/sec. Applying this damping to the Space Shuttle modes given
 
in Reference 10, results in unrealistically high modal damping for some of the
 
modes. It is concluded that the high preloads in the ball joints preclude joint
 
motion and therefore no coulomb damping is generated. Further, it is assumed
 
that the spherical bearings designed into the SRM/ET aft attachment struts,
 
the Orbiter/ET forward struts and the Orbiter/ET aft support truss contribute
 
negligible damping to structural deformations. Therefore all structural damping
 
is assumed to be generated by internal structural deformations of the joints in
 
the Shuttle components and by material damping.
 
Desired modal damping values were obtained from the empirical damping study
 
performed for the Space Shuttle in Reference 4. In that study, expressions were
 
derived which relate energy dissipation per cycle (D)to the kinetic energy (T)
 
of the vehicle based on data obtained from existing space vehicles. Two expres­




For bending (without Saturn I data):
 
D = .153 T"893  (36)
 
For bending (with Saturn I data included):
 









D = .101 T1 279  (39)
 












Therefore, an expression for equivalent viscous damping can be obtained for
 
bending, longitudinal motion and torsion from Equations (36) - (39).
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.101 T 279 (44)
T - T

Kinetic energy, written in terms of modal parameters, is:
 
T = 1 M 2X2 (45) 
where M is the generalized mass in kilogram, w is the modal frequency in radians
 
per second, and X is the modal displacement in meters.
 
A similar study was performed for a Boeing 747 airplane, and the results are
 
documented in Reference 5. Energy dissipation versus kinetic energy are shown
 
in Figure 3-14. The best straight line fit through these data points was found
 
using linear least-squares regression and is shown in Figure 3-14. The equation
 
of this line is:
 
D = .2196(T) 911  (46)
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FIGURE 3-lh: BOEING 747 STRUCTURAL DAMPING DATA 
I 
D = .313(T) " 8 0  (471 
Equation (46) was used to determine the equivalent modal damping for the Orbiter. 
.2196 089
 
The calculation of realistic modal damping from these equations is, therefore,
 
dependent upon the determination of the kinetic energy, T, for that mode. This
 
is, according to Equation (45), equivalent to determining the maximum modal
 
deflection which can only be determined from the dynamic analysis for which the
 
model is being constructed. Therefore a rational method must be used to deter­
mine the kinetic energy to be used in the damping equations.
 
One method which could be used is based upon the determination of the modal
 
deflection which results in the maximum allowable strain in a critical element.
 
For tension and compression of aluminum or steel structures, the ultimate
 
allowable strain (Reference 12) is:
 
Sa = .002 
For torsion of a thin-walled circular tube, the material is in a state of pure
 
shear where the stresses and strains are:
 
y = re 
Ss = Gy (49) 
Here e is the angle of twist per unit length of the shaft and r is the radius
 
to the outer fiber. From a uniaxial tensile test, the yield stress is
 
ay = Esy (50)
 
According to the Mises yield condition, the allowable shear stress (Ty) and the
 
allowable normal stress (ay) are related by
 
Ty = y /7 (51) 
or
 
SS = Es / V Gre (52) 
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Therefore, since G = E/2(lI+), the allowable angle of twist per unit length is: 
= (1I)(53) 





Limit allowable strain and angle of twist can be obtained by dividing by the
 










Subtracting the strains caused by static forces gives the limit allowable strain
 
for dynamic loading. The maximum allowable deflection of the predominant mode
 
can then be found by calculating the ratio of .allowable dynamic strain to the
 
strain in the critical element due to a unit modal deflection. Then the kinetic
 
energy of that mode can be calculated from Equation (45).
 








The only mechanical joints on the ET are at each end of the intertank shell
 
where it is attached to the LH2 and LO2 tanks. These joints consist of two
 
flanges bolted together as shown in Figure 3-15. Plate joints were inserted
 
at both interfaces using the preprocessor computer program. Free-free mode
 
shapes and modal damping matrix were obtained using arbitrary damping values in
 
the structural joints. Final damping parameters were calculated by ratioing
 
these arbitrary values based on estimated kinetic energy in appropriate modes.
 
Damping parameters for the axial joint members were derived from the first
 
free-free ET bending mode (f = 3.7 Hz) and Equation (41).
 
The maximum strain for this mode occurs in the interstage, forward of the ET/
 
SRB attachment beam. The limit allowable strain is:
 
002 .002 .00133 
 (56)
 
The static strain in the forward interstage due to 1,7 g longitudinal accelera­




Therefore, the limit allowable strain for dynamic events is:
 
= .00018 (58) 
Assuming that the dynamic strain due to bending and axial motion are the same, 
we have: 
EC 9.0x10-5 (59) 
b ax 
The strain in the interstage due to a unit (,l0 m). deflection of the first ET
 
bending mode is 0.0445. Therefore, the modal deflection (q)which results in the
 
limit allowable bending strain is:
 
5
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FIGURE 3-15: EXTERNAL TANK INTERTANK JOINTS 
81 
bq
2bb 2 1f .Kq 2T = I M wq = 
= 1 (3.15x197)(2.02x 10-3)2 = 64.3 N-m (61)
 




.0228 T - .0079 (62) 
The damping parameter for the axial joint members in the ET intertank joints
 
is then calculated by multiplying the damping parameter used in the "unit"
 
damping case by the ratio of the desired damping ratio shown above to the
 
damping ratio obtained in the arbitrary damping case. This calculation gives
 
CA = 4-68xi0 6 N/m/sec.
 
Using this damping value, the modal viscous damping ratio for the first ET
 
free-free longitudinal mode C00.0 HzI is C=.013.
 
Calculations of the damping parameters for the diagonal joint members based on
 
allowable torsional motion of the ET resulted in unreasonably high modal damping
 
values. Therefore a representative value of torsional kinetic energy was
 
selected from the test data used in Reference 4 to develop the torsional damping
 
equation, Equation (39). The range of kinetic energy used in Reference 4
 
results in ET torsional mode damping from =.008 to =.024.- For conservatism,
 
the low value of kinetic energy was used as a representative value for the
 




Based on the arbitrary damping case, the damping constant for the diagonal-plate
 
joint members which would give this value of modal damping is:
 
C 2.084 x 105 N/m/sec (64)
 
Joint damping parameters are summarized in Table 3-8. All damping parameters
 










JOINT LOCATION I.D. Clm Cln Clp C2m C2n C2p
 
0 1.34 x 10I0 1.34 x 10o
 SRM CASE JOINTS 	 502 - 508 & 2.99 x 109 0 Q 
510 - 512 (1.71 x 107) (1.19 x 1011) (1.19 x 1011) 
0 0 0 	 3.428 x 106 3.428 x 106 3.428 x 106
 ORBITER WING ROOT 	 3108, 3109, 











0 0 0 	 2.302 x 105 2.302 x 105 2.302 x 105
 VERTICAL TAIL ROOT 15024 ­




UNITS: 	 Cl = N/m/sec (Ib/in/sec) 
C2 = N-m-sec (Ib-in-sec) 




JOINT LOCATION 	 ELEMENT I.D. CA CD
 
ET INTERTANK JOINTS 26 through 33 4.68 x 106 N/m/sec 2.08 x 105 N/m/sec
 
(26,700 Ib/in/sec) (1190. ib/in/sec)
 
ORBITER FUSELAGE JOINTS 	 12432, 12433, 1.159 x 108 N/m/sec
8 9 5 7442. N/m/sec 



















ORBITER WING JOINTS 	 13019 - 13021, 35860. N/m/sec 35860. N/m/sec
 






3.2.2 Solid Rocket Motor
 
The nine cylindrical SRM case segments are connected together using pin/clevis
 
joints as shown in Figure 3-16. Ten joints were inserted in the centerline
 
representation of the SRM using the preprocessor computer program. Damping
 
constants were supplied to provide damping in the axial and the two beam bend­
ing directions. Free-free SRM modes and modal damping coefficients were cal­
cuaated using arbitrary damping in the structural joints to provide the basis
 
for kinetic energy and damping parameter calculations.
 
Damping constants for bending were calculated using the first free-free bend­
ing mode and Equation (41). The limit allowable strain is: 
, .002 
- 0a .00133 (65)
 
The static strain in the SRM case is caused by thrust loads and internal pres­
sure loads.
 
C1st = .00119 (66) 




Assuming that the dynamic strain due to bending and axial motion are equal:
 
C' = 6 x = .00007 C69) 
The maximum strain in the SRM case due to a unit CI.0 m) deflection of the first
 
bending mode is 0.0187. Therefore, the modal deflection q)which results in th
 
limit allowable bending strain is:
 
7"0x10.5 = 3.74xi0-3 m P69 
q : .0187 




T = } =
z C7.38xlO)(3.74x10_3) 516. N-m
 
Then, from Equation C41), the desired damping ratio for the first SRN bending 
mode is: 
= .0228T-'254 = .0047 710 
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FIGURE 3-16: SRM CASE JOINT LOCATIONS
 
The modal damping produced by the arbitrary joint' damping values is = .00287.
 








For axial motion, the damping constants were calculated using the first long­
itudinal SRM mode and Equation (43). The maximum strain in the SRM case due
 
to a unit (1.0 m) deflection of the longitudinal mode is 0.106. Therefore,
 
the modal deflecflection (q) which results in the limit allowable axial strain i
 
-4 
7.Oxi0-5 = 6.60x10 m (73) 
.106 
From Equation (45), the kinetic energy for the longitudinal mode is:
 
T = L (5.06xl0 9)C6.60xl0-4)2 = 1102. N-m (74)
 




= .00454 T"I04 = .0094 (75) 
The modal damping produced by the arbitrary joint damping values is : 4.06x1O
 
Therefore,the damping constant necessary to give the desired modal damping is:
 




Joint damping parameters are summarized in Table 3-8. All joint damping,
 






Structural joints were inserted in the Orbiter structure at ten stations
 
along the fuselage, at two spanwise stations in the wing and at the wing and
 
vertical tail roots. The fuselage joints are located in the payload section
 
side panels and fuselage bottom panels at stations ×0 = 559.5, 655., 751.,
 
826., 901., 973., 1047., 1133., 1191., and 1249., as shown in Figure 3-17.
 
Wing panel joints are located in the upper and lower surface panels at sta­
tions y. = 195.0 and 280.2, as shown in Figure 3-18. Wing and vertical
 
tail root joints were inserted in the BARS which attach the wing and vertical
 
tail to the fuselage as shown.in Figure 3-19.
 
Symmetric and antisymmetric orbiter modes were calculated with structural
 
joints included. The damping elements in each joint were assigned to one of
 
five damping sets and arbitrary damping parameter values were used. These data
 
were used by the joint damping predictor computer program to calculate proper
 
damping parameter values necessary to obtain proper modal damping in specified
 
modes. Details of the methodology used in the joint damping predictor computer
 
program are found in Section 2.2.
 
The number of modes for which-desired modal damping is specified must be equal
 
to, or greater than, the number of damping sets, Therefore, for this case,
 
desired damping for at least fiye modes is required. The five selected modes,
 
the desired modal damping and the modal damping resulting from the damping
 
parameters calculated by the joint damping prediction computer program are
 
shown in Table 3-9. Damping parameter values calcul-ated for Orbiter joints
 




Damping at the payload attachment fittings was not modeled because its res­
onant frequency is higher than 50 Hz, and would not contribute significantly
 












FIGURE 3-17:' ORBITER FUSELAGE PANEL JOINT LOCATIONS
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FIGURE 3-18; ORBITER WING PANEL JOINT LOCATIONS
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FIGURE 3-18- ORBITER WING PANEL JOINT LOCATIONS (continued)
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FIGURE 3-19: ORBITER WING AND VERTICAL TAIL ROOT JOINT LOCATIONS
 




Modal Damping ( ) 
Mode Description Desired Actual 
4 Sym. wing bending .0110 .0110 
5 first sym. fuselage, bending .0088 .0088 
34 vertical tail bending .0105 .0105 
36 first antisym. fuselage bending .0101 .0101 
37 first fuselage torsion .0065 .0065 
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3.3 SOLID ROCKET MOTOR PROPELLANT DYNAMICS
 
The dynamics of the solid rocket motor propellant could have a significant
 
effect on total vehicle dynamics. The propellant is a viscoelastic material
 
whose properties are characterized by complex elastic moduli. Finite­
element modeling,of the solid propellant using a Maxwell-type viscoelastic
 
model is described in Section 3.3.3. Parametric values used in this Maxwel'l
 
model were determined from two studies. Section 3.3.1 demonstrates that a
 
Maxwell-type viscoelastic model can accurately represent the observed
 
frequency-dependent stiffness characteristics of the solid propellant.
 
Relationships between the Maxwell parameters and the propellant shear
 
modulus are presented. Section 3.3.2 presents a modal analysis of a solid
 
propellant segment using solid finite elements­
3.3.1 MODELING OF COMPLEX MODULUS
 
The complex shear modulus of a viscoelastic material is wriLten:
/
 
G = G' + j G" (77) 
Test data for the TP-HI123 propellant used in the SRM were provided by
 
NASA/MSFC and are shown in Figure 3-20. The fact that stiffness increases
 
as the frequency increases suggested the applicability of a Maxwell-type
 




For the Maxwell model, the complex shear stiffness is:
 
"
K(j$) = K' + jKsII (78) 
and is proportional to the complex shear modulus
 
K(j8) = A (.79) 
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The real and imaginary components of the Maxwell model stiffness are given
 
in Reference 13 as follows:
 
K' = K + K2n(1 + n2 (80)s220 f ) 1 
 
K" = K2 2(0 + S2)(81) 2 2 (2-1
 




Substituting Equation (82) into Equations (80) and (81):
 
KK K fl (.jL (83)K1{ K 
Sc [C2] (84)
 
As shown in Equation (79), for a block of propellant having unit area and
 
unit length, the stiffness components given by Equations (83) and (84) are
 
numerically identical to the shear modulus components of Equation (33).
 
Therefore Equations (83) and (84), with known data values of G' and G"
 
substituted for Ks ' and Ks", may be used to find the Maxwell parameters
 
K1, K2 and C2 which closely match the complex shear modulus characteristics.
 
The Maxwell model accurately represents either the real or imaginary compo­
nent of the shear modulus as shown in Figure 3-22. The parameters of Case A
 
were chosen to be used for the SRM propellant because the imaginary component
 
matches the test data very closely and the real component is only 6.3 percent
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The dynamic characteristics of the solid propellant were determined from
 
a solid finite-element model of a propellant segment 406.4 cm (160 in.) in
 
length. The propellant, cantilevered from a rigid tank wall, was modeled
 
using the NASTRAN WEDGE element as shown in Figure 3-23. The propellant
 
2




frequency, 344.7 N/cm (500 psi), was used for propellant mode calculations.
 




Symmetric and antisymmetric modes and frequencies were calculated and are
 
tabulated in Table 3-1Q The first longitudinal mode frequency is 11.6 Hz
 
and the first torsional mode frequency is 16.7 Hz.
 
3.3.3 Propellant Structural Model
 
The SRM consists of four indiyidual propellant sections. Three of these
 
segments are 812.8 cm (320. inj long and the fourth is 343.3 cm (332. in.)
 
long. The analysis of Section 3.3.1 shows that the'Maxwell-type model
 
accurately represents the complex modulus of the yiscoelastic propellant.
 
Therefore Maxwell structural models were used to model each of the four
 
propellant segments as shown in Figure 3-6. The propellant masses are con­
nected to the centerline structural model using NASTRAN ROD and VISC elements.
 




The propellant masses and primary spring constants (K,) were established to
 
represent the first longitudinal and torsional propellant modes as determined
 
in the propellant mode study (Section 3.3.2). Propellant masses were deter­
mined by multiplying the generalized mass of the first mode by the ratio of
 
total propellant segment mass to propellant mass used in the modal analysis.
 
The remaining propellant mass was added to the SRM centerline mass points.
 
Total segment masses were obtained from the SRM weight breakdown supplied by
 
NASA/MSFC (Reference 14). The values of K1 (axial and torsional propellant
 
stiffness at zero frequency) were obtained from the generalized stiffness (kg)
 
of the first longitudinal and torsional propellant modes and were assumed to
 














TABLE 3-10: SRM PROPELLANT MODAL'DATA
 
MODE FREQUENCY GENERALIZED MASS TYPE*
 
















15 ANTI- 19.2 





* A - axial mode 
L - lateral mode 



















































































(KI)X 4 (kg)lX = 2.492 x 107 N/m (1.4235 x 10l6 b/in.) 
(KI)RX = 4 (kg)R X = 4.417 x 15 N-m/rad(3.91 x 106 in-lb/rad) 
The Maxwell parameters, K2 and C2' were determined from the results of the
 
complex modulus study (Section 3.3.1). From Equations (83) and (84), the
 
components of the complex-stiffness are defined when KI, n and K2/K1 are
 
known. Using the results of the complex modulus study
 




n = 1.7826 x 10-3
 
Therefore, using the values of K1 calculated above,
 
CK2) X = 6.880 x 107 N/m C3.9289 x 106 lb/in.)
 
CK2RX = 1.219 x 106 N-m/rad Cl.079 x 107 in-lb/radl 
And, assuming a constant loss factor ():
 
CC2)X = 122630. N-sec/m (7003.6 lb-sec/in.
 
(C2)RX = 2173. N-m/rad/sec C19234. in-lb/rad/secY
 
SRM free-free modes were calculated with the four propellant models included.
 
The resulting modal parameters for the first twenty flexible modes are summarizE
 
in Table 3-11. Mode numbers five through eight are the longitudinal modes
 






TABLE 3-11: SRM FREE-FREE MODAL PARAMETERS
 
MODE FREQUENCY GENERALIZED MASS TYPE 
NUMBER Hz kg (lb-sec2/in) 
1 4.43 9.57E4 ( 546.0) 1st bend, pitch 
2 4.43 9.57E4 ( 546.0) 1st bend, yaw 
3 10.16 9.68E4 ( 552.5) 2nd bend, pitch 
4 10.16 9.68E4 (552.5) 2nd bend, yaw 
5 10.92 1.07E5 (612.6) axial, propel 
6 11.43 1.76E5 (1006.2) axial, propel 
7 11.51 1.09E5 ( 619.6) axial, propel 
8 14.02 2.14E5 (1219.8) axial, propel 
9 15.58 1.51E7 (86016.) tors, propel 
10 16.66 1.31E5 (748.6) tors, propel 
11 16.66 1.17E5 666.4) tors, propel 
12 16.66 I.OOE5 571.3) tors, propel 
13 16.66 1.21E5 690.2) tors, propel 
14 16.81 1.23E5 703.1) 3rd bend, pitch 
15 16.81 1.23E5 703.1) 3rd bend, yaw 
16 23.35 1.77E5 (1010.8) 4th bend, pitch 
17 23.35 1.77E5 (1010.8) 4th bend, yaw 
18 25.74 1.93E5 (1102.5) Ist long., case 
19 28.04 2.97E5 (1693.0) 5th bend, pitch 
20 28.04 2.97E5 (1693.0) 5th bend, yaw 
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3.4 SPACE SHUTTLE MODES AND MODAL DAMPING
 
Sixty free-free modes were calculated for the Space Shuttle half-model at each
 
.of the three trajectory times using NASTRAN; 30 symmetric modes and 30 anti­
symmetric modes. Antisymmetric modes were calculated first, and DMAP ALTER
 
statements were used to write the modal information on a user tape. DMAP ALTER
 
statements were also added to-the symmetric modes run which combined the anti­
symmetric modal data from the user tape with the symmetric modal data and wrote
 
the combined set of modes and the merged modal damping matrix (BHH) on the-

NASTRAN checkpoint/restart tape. The symmetric modes were written first,
 
then the antisymmetric modes.
 
The first 25 symmetric flexible modes and 25 antisymmetric flexible modes were
 
selected to be used by the postprocessor computer program to determine critical
 
resonances. The frequencies and generalized masses for these 50 modes for each
 
mass condition are listed in Tables 3-12 through 3-14. A complete set of struc­
tural dynamic characteristics for each mass condition including frequencies,
 
generalized mass, modal damping and mode shapes at selected points on the Space
 
Shuttle structure are listed in Section 2.0 of Volume II.
 
The equivalent modal viscous damping ratios for the liftoff condition shown in
 
Table 3-12 are calculated from the diagonal terms in the coupled modal damping
 
matrix (BH-). The structural joints incorporated in the model result in modal
 
damping ratios in the range of .002 to .020 for the primary structural modes
 
while some of the higher frequency modes have damping ratios greater than 1.0.
 
The modes are local modes characterized by large amplitude motion in the joints
 
which contribute large amounts of damping.
 
The joint damping parameters were assumed to be constant for all trajectory time
 
points. Equivalent modal viscous damping ratios for the max q and SRB cutoff con­
ditions are tabulated in Tables 3-13 and 3-14, respectively. The damping in the
 
primary modes at max q are somewhat higher than at liftoff and are even higher
 
for SRB cutoff. This suggests that joint damping parameters do not remain constan
 




Table 3-12: SPACE SHUTTLE MODAL DATA, LIFTOFF
 
EQUIVALENT 
MODE NUMBER FREQUENCY* GENERALIZED MASS DAMPI G RATIO 
4 0.13764230E 02 0.31418E 06 .003 
5 0.17524689E 02 0.53878E 06 .005 
6 0.18133037E 02 0.20166E 06 .048 
7 0.19370438E 02 0.23247E 06 .003 
8 0.22939240E 02 0.19507E 05 .289 
9 0.25795609E 02 0.71901E 05 .170 









13 0.31603180E 02 0.32339E 05 .012 
14 0.32383667E 02 0.356722 05 .967 
15 0.327293852 02 0.17819E 06 .056 
16 0.34836258E 02 0.33781E 06 .014 
17 0.36577789E 02 0.138102 04 .387 
18 0.38610626E 02 0.10745- 05 .292 
19 0.3S3185882 02 0.48755E 04 .124 
20 0.41914459E 02 0.10181E 05 .349 
21 0.48224747E 02 0.12909E 06 .267 
22 0.49329636E 02 0.76124E 04 4.316 
23 0.51161975E 02 0.13862E 06 .388 
24 0.52124176E 02 0.48587E 05 .001 
25 0.52243576E 02 0.54716E 05 .005 
26 0.52839355E 02 0.89283E 05 .004 









35 0.12445990a 02 0.56738E 06 .002 
3"6 0.16301208E 02 0.48963E 05 .160 
37 0.17309418E 02 0.48436E 06 .007 
38 0.20951965E 02 0.62331E 05 .671 
39 0.23871979E 02 0.68545E 04 .935 
40 0.27019867E 02 0.15617E 06 .525 
41 0.29155258E 02 0.71354E 04 .164 
42 0.30047516E 02 0.36676E 06 .035 
43 0.30799728E 02 0.51000E 04 .300 
44 0.31635300E 02 0.48226E 04 1.563 
45 0.32753357E 02 0.12161E 05 .381 
46 0.33122925E 02 0.19105E 05 .721 
47 I 0.36919678E 02 0.10426E 05 .275 
48 0.37888133c 02 0.40696E 04 3.051 
49 > 0.38871368E 02 0.64075E 04 .742 
50 0.43467697E 02 0.75786E 05 .234 
51 0.45840668E 02 0.98341E 04 1.291 
52 0.51102036E 02 0.32159E 05 2.064 
53 0.52131180c 02 0.47597E 05 .001 
54 0.52227005E 02 0.10977E 06 .007 
55 0.59475139E 02 0.19469E 06 .005 
56 0.60747559E 02 0.78698E 04 6.525 
57 0.65134735E 02 0.23504E 05 .829 
53 0.67310837E 02 0.12182E 06 .358 
* rad/sec ** kilograms 
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Table 3-13: SPACE SHUTTLE MODAL DATA, MAX Q
 
EQUIVALENT
IODE NUMBER FREQUENCY* GENERALIZED MASS**DAMPING RATIO 
4 0.15798579E 02 
5 0.19863358E 02 
6 0.22897659E 02 
7 0.24014236E 02 
8 0.25154358E 02 
9 0.28750290E 02 
10 029368500E 02 
11 0.29516068E 02 
12 0.30276810E 02 
13 0.32514328E 02 
14 0.32923279E 02 
15 0.33142456E 02 
16 u 0.34732986E 02 
17 0.37009567E 02 
18 0.39742020E 02 
19 . 0,42457657E 02 
20 0.44433228E 02 
21 0.47920227E 02 
22 0.48343109E 02 
23 0.48527176E 02 
24 0.49307709E 02 
25 0.52916168E 02 
26 0.55562759E 02 
27 0.56489227E 02 
28 0.58523239E 02 
34 0.13293739E 02 
35 0.15512980E 02 
36 0.18812180E 02 
37 0.20997528E.02 
38 0.23715759E 02 
39 0.25793839E 02 
40 0;28850606E 02 
41 0.29790405E 02 
42 0.30732376E 02 
43 0.31451477E 02 
44 0.32414566E 02 
45 0.33011047E 02 
46 0.35498917E 02 
47 S 0.38564667E 02 
48 0.38901.428E 02 
49 0.44856186E 02 
50 C 0.46534348E 02 
51 0.47931808E 02 
52 0.48243439E 02 
53 0.51123520E 02 
54 0.56279968E 02 
55 0.58737076E 02 
56 0.62650467E 02 
57 0.67074478E 02 
58 0.71453018E 02 
* rad/sec 
0.16388E 06 .014 
0.26006E 06 .063 
0.10801E 06 .020 
0.18544E 05 .371 
0.10913E 06 .055 
0.27003E 05 .186 
0.19652E 06 .232 
0.24377E 06 .025 
0.34978E,05 .052 
0.18386E 06 .048 
0.33558E 05 .241 
0.25770E 05 .698 
0.36005E 06 .002 
0.13292E 04 .377 
0.27215E 04 .424 
0.41007E 05 .369 
0.66609E 05 .116 
0.59381E 05 .001 
0.66023E 05 .'00 
0.10363E 06 .001 
0.73052E 04 4.480 
0.84754E 04 4.540 
0.53302E 05 1.870 
0.10038E 06 1.410 
0.20368E 06 .108 
0.62323E 05 .029 
0.39855E 06 .011 
0.27646E 05 .414 
0.11191E 06 .051 
0.28859E 05 1.420 
0.55375E 04 1.240 
0.37731E 05 .052 
0.35870E 06 .038 
0.18739E 05 .203 
0.36952E 04 .085 
0.71497E 04 2.730 
0.71085E 05 .300 
0.55165E 04 .567 
0.38636E 04 1.250 
0.46699E 04 2.430 
0.11183E 06 .329 
0.14940E 05 1.140 
0.57895E 05 .002 
0.13857E 06 .024 
0.45802E 05 1.230 
0.27750E 05 2.110 
0.18500E 06 .004 
0.80243E 04 8.840 
0.18895E 05 7.170 




Table 3-14: SPACE SHUTTLE MODAL DATA, SRB CUTOFF
 
MODE NUMBER FREQUENCY* 
4 0.20559067E 02 
5 0.26607239E 02 
6 0.27987335E 02 
7 0.28858627E 02 
8 0.30375336E 02 
9 0.31237579E 02 
10 0.32712769E 02 
11 0.33140091E 02 
12 0.55107529E 02 
13 0.35248657E 02 
14 0.37567795E 02 
15 0.40230258E 02 
16 0.44707397E 02 
17 0.46505005E 02 
18 0.49328049E 02 
19 0.52415176E 02 
20 0.54798798E 02 
21 0.56951309E 02 
22 0.57882385E 02 
23 0.64516739E 02 
24 0.65359177E 02 
25 0.71718246E 02 
26 0.73347260E 02 
27 0.76281036E 02 
28 0.76884216E 02 
34 0.15647510E 02 
35 0.22611206E 02 
36 0.25484436E 02 
37 0.26599609E 02 
38 0.29311096E 02 
39 0.30888367E 02 
40 0.31821198 02 
41 0.33145477E 02 
42 0.33365005E 02 
43 0.33950378E 02 
44 0.38024887E 02 
45 , 0.40358887E 02 
46 0.43295227E 02 
47 w 0.49701279E 02 
48 0.50916428E 02 
49 0.55457657E 02 
50 0.62247055E 02 
51 C 0.65659256E 02 
52 0.66961060E 02 
53 0.716760252 02 
54 0.75262177E 02 
55 0.81694839E 02 
56 0.83266098E 02 
5.7 0.85406967E 02 
58 0.86414337E 02 
* rad/sec. 
EQUIVALENT 
GENERALIZED MASS** DAMPING RATIO 
0.25567E 05 .190 
0.39178E 05 .258 
0.27441E 05 .154 
0.27970E 05 .242 
0.50671E 05 .117 
0.13397E 06 .003 
0.634352 05 .955 
0.19225E 07 .022 
0.50324E 04 .153 
0.32385E 06 .001 
0.17005E 04 .263 
0.32143E 04 .385 
0.32038E 05 .463 
0.44722E 05 .102 
0.74425E 04 4.440 
0.12404E 05 3.480 
0.20719E 05 2.300 
0.11173E 06 .823 
0.70118E 05 1.305 
0.14556E 06 .481 
0.34289E 05 2.070 
0.75959E 04 1.430 
0.45761E 04 1.710 
0.20253E 05 .622 
0.46221E 05 .090 
0.23900E 05 .115 
0.24693E 05 1.309 
0.99066E 04 '.310 
0.11383E 05 1.070 
0.24523E 05 .058' 
0.31855E 05 .031 
0.33824E 04 .099 
0.10697-E 05 1.100 
0.39287E 05 .503 
0.613922 04 .695 
0.46689E 04 3.860 
0.35964E 04 .988 
0.13758E 06 .390 
0.15029E 05 1.527 
0.48697E 05 1.698 
0.10987E 06 .367 
0.82898E 04 6.500 
0.22044E 05 8.120 
0.14647E 06 .759 
0.25396E 05 9.420 
0.28321E 04 4.390 
0.44440E 04 1.605 
0.14946E 05 1.826 
0.12034E 05 6.950 




4.0 CRITICAL RESONANCES FROM CONVENTIONAL MODEL CLIFTOFF)
 
Critical resonances for the Space Shuttle at liftoff were obtained using
 
uniform modal damping and conventional modal selection techniques. The
 
conventional model was obtained by removing the distributed structural joint
 
damping from the realistic model. A uniform modal viscous damping ratio, C=.00,
 
was used to represent structural damping in all the modes. Modal resonances
 
were ranked according to rate or position coefficients calculated using post­
processor Option 1. The coefficients represent the steady-state dynamic
 
amplification at resonance which occurs at a point on the structure due to a
 
sinusoidal force input at another point. Rate or position coefficients for the
 




R(140323, 7014). = fi40323,j 7014,j (85)i (2 j) j M*j
 
P(140322, 110264). = @140322,j 0110264,j
 
(86)
(2cj) tj2 M*j 

where R and P denote rate and position coefficients, respectively, Gridpoint
 
freedoms for the input point and response point are specified in parentheses.
 
The last digit of each I.D. is the input or output freedom specified at the
 
gridpoint indicated by the preceding digits. For example, P(140322, 110264)j
 
is the position coefficient calculated for the jth mode at gridpoint 11026 in
 
the freedom 4 (ex) direction due to a unit sinusoidal force at gridpoint 14032
 
in the freedom 2 (y)direction.
 
At the resonance condition, the modal displacement response always lags the
 
input generalized force by 90 degrees and the modal velocity response is always
 
in phase with the input generalized force. If the mode shapes at the response
 
point and the input force point have the same sign, then the physical displace­
ment response lags the input force and the physical velocity response is in
 
phase with the input force. The positive or negative sign on the coefficients
 
shows whether the physical response is in phase or out of phase with the modal
 
response, respectively. The positive sign on the coefficients indicates, of
 
course, that the mode shapes at the response point and the input force point
 




The excitation and response degrees of freedom chosen for this study are
 
shown in Table 4-1. One outboard SSME gimbal and one SRB gimbal were chosen
 
as the excitation points (three degrees-of-freedom each). The response points
 
were chosen to demonstrate the application of critical resonance selection
 
using admittance techniques for three technical disciplines; guidance and
 
controlPOGO, and dynamic loads. Position gyro, rate gyro and accelerometer
 
responses are calculated for use in attitude control studies, LOX tank aft
 
dome acceleration admittances-for POGO investigations are calculated, and payload
 
attachment acceleration admittances are calculated to demonstrate the use of
 
the method for dynamic loads calculations.
 
The ranking of rate and position coefficients for the selected excitation/
 
response points are shown in Tables 4-2 and 4-3, respectively. The zero coeffi­
cients shown in some of the rankings indicate that the mode shape of either
 
the excitation freedom or response freedom is zero for that mode. For example,
 
if the excitation point is on the plane of symmetry (e.g., gridpoint 14032),
 
the symmetric modes (modes 4 through 28) will not be excited for a force in the
 
y-direction because the centerline gridpoints are constrained in the y-direction
 
for symmetric modes. Therefore, only antisymmetric modes (modes 34-58) will
 
be excited by this force. Likewise, coefficients for response points on the
 
plane of symmetry (e.g., gridpoint 9005) are zero for either symmetric or anti­
symmetric modes.
 






TABLE 4-1: SPACE SHUTTLE RESPONSE AND EXCITATION LOCATIONS
 
LOCATION x y z GRIDPOINT DIRECTIONS 
Excitation Points 
SRM Gimbal*(+y) 











Response Point (displacement) 
IMU** 414.0 0. 419.0 9005 R ,Ry,Rz 
Response Points (velocity) 
SRM forward rate gyro* 
SRM aft rate gyro* 















Rx RyR z 
CD Response Points,(acceleration) 
Crew comp. inst. unit** 
LOX tank aft dome *** 



















SRM coordinate system (in.) 
Orbiter coordinate system (in.) 
ET coordinate system (in.) 
Table 4-2: RATE COEFFICIENTS FOR CONVENTIONAL MODEL
 
RATE COEFFICIENTS. RESPONSE FROM - 9014 INPUT FROM - 5131 RATE COEFFICIENTS. RESPONSE FROM 9015 INPUT FROM - 5131 
FREQUENCY MODE NO. COEFFICIENT 
0.13764E 02 4 -0.24174E-07 
RANK 
a 
FREQUENCY MODE NO. COEFFICIENT 
0.1376E 02 4 0,51351E-09 
RANK 
29 
0.17525E 02 5 -0.157962-07 14 0.17525E 02 5 0.821262-10 38 
0.18133E 02 6 0.726672-07 1 0.18133E 02 6 -0.17162E-08 23 
0.193702 02 7 -0.191692-08 26 0.19370E 02 7 0.330062-10 44 
0.22939C 02 8 -0,65894E-07 3 0.22939E 02 8 -0.19824E-07 I 
0.25796E 02 9 0.21146E-07 10 0.25796E 02 9 0.15329E-07 4 
0.28702C 02 10 0,14266C-08 29 0.287022 02 10 -0.452452-10 41 
0.28944E 02 11 0.52910E-08 22 0.239442 02 11 0.25162E-08 19 
0.30096E 02 12 -0.10401E-08 35 0.300962 02 12 -0.36193E-09 33 
0.31603E 02 13 0.27622E-09 40 0.31603E 02 13 0.920992-10 37 
0.32334E 02 14 0.222112-07 9 0.323842 02 14 0.67389E-08 9 
0.327292 02 15 0.13851E-08 30 0.32729E 02 15 0.72649E-09 28 
0.348362 02 16 -0.12600E-08 31 0.34836E 02 16 -0.26155E-09 35 
0.36578E 02 17 -0.57213E-08 21 0.36578E 02 17 -0.18290E-08 21 
C.38611E 02 18 -0.31470E-07 7 0.38611E 02 18 -0.74482E-08 8 
0.38019E 02 19 0.10417E-07 18 0.388192 02 19 0.114032-07 7 
0.41914C 02 20 0.12213E-07 15 0.419142 02 20 -0,48860E-08 13 
0.48225E 02 21 -0.12111E-08 32 0.48225E 02 21 -0.41437E-C9 31 
0.49330E 02 22 -0.34072E-10 
0.51462E 02 23 0.11490E-08 
45 
34 
0.49330E 02 22 -0.17341E-10 
0.51462E 02 23 0.q0217E-09 
46 
32 
0.52124E 02 24 -0.45962E-12 50 0.52124E 02 -24 -0.74653E-12 50 
0.52244E 02 25 -0.966462-10 44 0.52Z42E 02 25 -0.57974E-10 40 
0.528392 02 26 -0.60853E-11 
0.529122 02 27 -0.463472-09 
47 
38 
0.52839E 02 26 -0.31594E-11 
0.52912E 02 27 -0.203692-09 
48 
36 
0.55803E 02 28 -0.97199E-10 43 0.558032 02 28 -0.346772-10 42 
0.11957E 02 34 -0.96094E-09 36 0.11957E 02 34 0.343642-08 15 
0.124462 02 35 0.22841E-08 24 0.12446E 02 35 -0.125552-08 14 
0.6801F a? 36 -0.483072-07 5 0.16801E 02 36 0.59743E-08 10 
0.17309E 02 37 0.66416E-07 2 0.17309E 02 37 -0.13144C-07 5 
0.20952E 02 38 0.188812-07 11 0.209522 02 38 0.168582-07 3 
0.23872E 02 39 -0.6395'E-07 4 0.23872E 02 39 -0.17914E-07 2 
0.2702o0 02 40 0.,00002-07 6 0.27020C 02 40 0.11656E-07 6 
0.29155E 02 41 -0.11101E-07 16 0.29155E 02 41 -0.30352E 08 17 
0.30048E 02 42 -0.658352-09 37 0.30048E 02 42 -0.20863E-10 45 
0.3080OE 02 43 0.71583i-08 19 0.30800E 02 43 0.17423E-08 22 
0.316352 02 44 0.59649-C 20 0.31635E 02 44 0.151912-6S 27 
0.32753E 02 45 0.23014E-09 41 0.32753C 02 45 0.66971E-10 39 
0.33123E 02 46 -0.109758-07 17 0.33123E 02 46 -0.33288E-08 16 
0.36920E 02 47 -0.17046E-07 12 0.36920E 02 47 -0.557642-08 11 
0.3788SE 02 48 0.16720E-07 13 0.378852 02 48 0.50562S-08 12 
0.38871E 02 49 -0.31508-OS 23 0.388712 02 49 -0.50095E-09 30 
0.434682 02 50 0.11887E-00 33 0.434682 02 50 -0,296372-09 34 
0.45841E 02 51 0,22192E-08 25 0.458412 02 51 0.163532-08 25 
0.51102E 02 52 0.15369E-08 27 0.51102E 02 52 0.15776E-08 26 
0.521312 02 53 0.32374E-11 48 0.52131E 02 53 0.299362-11 49 
0.52227E 02 54 -0.74939E-12 
0.59475E 02 55 0.19550E-10 
49 
46 
0.52227E 02 54 0.64946E-11 
0.59475E 02 55 0.33190E-10 
47 
43 
0.60748E 02 56 -0.401342-09 39 0.607482 02 56 -0.16897E-08 24 
0.6515E 02 57 -0.99571E-10 42 0.65135E Z 57 -0.209112-08 20 
0.67311E 02 58 -0.14542E-C8 28 0.67311E 02 58 0.27156E-08 18 
RATE COEFFICIENTS. RESPONSE FROM 
r 9016 INPUT FROM = 5131 RATE COEFFICIENTS. RESPONSE FROM 
. 9014 INPUT FROM = 5132 
FREQUENCY NODE NO. COEFPICIENT RANK FREQUENCY MDE NO. . COEFFICIENT RANK0.13764t 02 4 -0.205896-09 33 
 0.13764E O 4 0.12475E-08 37
0.17525E 02. 5 -0.368862-07 4 0.17525E 02 
 5 0.24800C-07
0.1813ZE 02 6 
-0.,0149E-08 15 13
 0.18133E o 
 6 0.39027E-06 2
0.193702 02 7 -0.79132E-09 24 
 0.19370E 02 7 
-0.47924E-06 1
O.221'31E 02 8 0.134539-09 3C 
 0.22939E 02 a 
 0.16076E-07
O.Z5796E 02 9 -0.59578E-09 26 1
 0.Z87026 02 0,25796E 02 9 -0.15910E-07 11
10 -0.10q58E-09 38 
 0.26702E 02 10 0.26076E-08 33
0.28944E 02 11 -0.5955IE-09 27 0.28910E 02 11 
 0.10907E-07 21
0.30096E O2 2z -0.321522-09 
- 30 0.300966 02 12 
 0.78343-00 27
0.31603C D2 
 13 0.99123E-09 21
0.32384C 02 14 0.31603E 02 13 0.18193E-08 35

-0.40392E-05 14 
 0.32334E 02 
 14 -0.13115E-07 20
0.32729E 02 15 -0.30832E-09 31 
 0.32729E 02 15 
-0.104712-08 39
0.34036E 02 
 16 -0.10076E-03 20 
 0.34836E 02 16 
 0.144442-08 36
0.36578E 02 17 -0.60S81E-09 25 
 0,36578E 02 17 0.24339E-07 14
0.30611E 02 18 -0.40672E-07 3 0.30611E 02 
 18 0.22117E-07 160.38819E 02 19 -0.602836-08 9 
 0.36819E 02 19 -0.70626E-09 41
O.A290E 02 20 
-O.411746-08 13 0.41914E 02 20 -0.123682-03 380.48225E 02 21 
 -0.55752E-10 40 
 0.,43225C 02 21 0.704462-08
0.49330E 02 22 0.44190E-12 49 28 0.49330E 02 22 

-0.145622-09
0.51462E 02 23 0,12297C-08 10 44
 0.51462E 02 23 
 0.379402-07 17

.0.52124E 02 24 
 0.847102-13 50 
 0.52124E 02 
 24 -0.912702-11 4
0.52244E 02 25 -0.25105E-09 32 




 0.52839E 02 26 -0.306152-11 49
0.52912E 02 27 0.705952-10 39 
 0.52912E 02 27 -0.791462-08 25
0.5580SE 02 28 0.436892-1] 46 
 0.55803E 02 28 
 -0.19739C-08 34
0.11757E 02 34 
-0.149322E-0 35 
0.124462 
 0.11957E 02 34 -0.85381E-09 40
02 35 0.79 25E-06 8 
 0.124146 02 35 
 0.959542-08 22
0.16501E 02 36 
 0.93666-09 22 
 0.16801E 02 36 
-0.86143E-07 6
0.17309E 02 37 -0.58609E-07 2 
 0.17309E 02 37 0.40272E-08 31
0.20952E 02 38 -0.56027E-08 10 
 0.20952E 02 38 -0.8391'E-08 24
0.23872E.02 
 "39 -0.25541E-07 5 
 0.23872E 02 39 -0.127572-06 
. 40.27020E 02 40 -0.59628E-07 1 
 0.270200 02 40 0.12319E-06 3
0.291552 02 41 
-0.51649E-08 11 
 0.291552 02 41 -0.55933E-07 7
0.30043E 02 42 -0.19935E-10 44 
 0.30048E 02 42 -0.79110E-08 26
0.303BOO 02 43 0.41632E-IU 43 
 0.30300E 02 43 -0.13163E-07 19
0.31635E 02 44 
-0.372482-09 29 

0.32753 0.31635E 02 44 -0.55310[-07 8
02 45 0.47859E-10 41 0.32753E 02 45 0.66957E-09 42
0.33123E 02 46 
 0.18738E-08 16 
 0.33123E 02 
 46 C.100402-06
0.369200 02 47 0.116712-07 7 5 0.369202 02 47 0.40476E-07 9
0.37838E 02 48 0.49154E-08 32 
 0.37388E 02 
 48 -0.40070E-07
0.38371E 02 49 -0.92069E-09 23 19
 0.38871E 02 49 -0.56032E-08 30
0.434686 02 50 0.15324E-09 34 
 0.43466E 02 so 0.23865E-07 15
0.458412 02 51 
 0.11942E-08 19 
 0.453410 
02 51 0.26497E-07 12
0.51102E O 52 0.44376E-10 42 
 0.51102E 02 52 0.29070E-06 32
0.52131E 02 53 -0.04167E-11 45 
 0.521tl 02 53 -0.11063E-10 47
0.52227E 02 54 -0.45671E-12 48 
 0.52227E 02 54 0.16323E-11 so0,59475E 02 55 -0.130272-07 37 0.59475E 02 55 -0.11935E-09 460.607482 02 56 0.17475E-O8 17 
 0.60746 O 56 -0.65Z62-08 290.65135E 02 57 
 0.51 10E-09 2 
 0o.65135E '02 57 -0.52065E-09 430.67312E 02 5a 0.20336E-07 6 0.67311E 02 58 -0.93532E-08 23 
RATE COEFFICIENTS. RESPONSE FRDOM 9015 INPUT FROM 5132 RATE COEFFICIENTS. RESPONSE FROM * 9016 INPUT FRDM = 5132 
FREQUENCY MODE NO. COEFFICIENT 
0.13764E 02 4 -0.26S002-10 
RANK 
46 
FREQUENCY MODE NO. COEFFICIENT 
0.13764E 02 4 0.106252-10 
RANK 
46 
0.175252 02 5 -0.I28942-09 42 0.17525E 02 5 0.579132-07 4 
0.18133E 02 , 6 -0.92171E-08 
0.19370E 02 7 0.825162-06 




0.18133E 02 6 -0.21563E-07 
0.19370E 02 7 -0.19783C-06 




C.25796E 02 9 -0.2603ZE-07 4 0.25796C 02 9 0.10168E-08 30 
0.Z702E 02 10 -0.82705E-10 
0.28944E 02 11 0.516712-08 




0.28702E 02 10 -0.19117E-09 
0.2894 E O 11 -0.12276E-08 




0.31603E 02 13 0.61136E-09 
C.323842 02 14 -0,39790E-08 
35 
24 
0.316032 02 13 0.65286E-05 
0.32334E 02 14 0.2349E-03 
16 
24 
(.327292 02 15 -0.549102-09 
0.34836E 02 16 0.29982E-09 
36 
33 
0.32729C 02 15 0.2334E12-09 
0.348362 02 16 0.11551E-08 
37 
29 
0.365782 02 17 0.7780eE-08 17 0.36578E 02 17 0.25771E-08 21 
0.39611F 02 18 0.52345E-08 21 0.38611E 02 1 0.28582,E-07 a 
0.38E19E 02 19 -0.77314C-09 33 0.38819E 02 19 0.40871E-09 33 
0.19142E 02 20 0.49479E-09 37 0.41914E 02 20 0.41695E-09 32 
0.48225E 02 21 0.24102E-08 30 0.48225C 02 21 0.32428E-09 35 
0.49330E 02 22 -0.741132-10 45 0.49330E 02 22 018886E-i1 48 
0.51462E 02 23 0.62794-08 19 0.51462S 02 23 0.192002-07 12 
0.52124E 02 24 -0.14824E-10 47 0.521242 02 24 0.163212-11 49 
0.5224A4 02 25 0.75334E-10 44 0.522442 02 25 0.32622E-09 34 
0.52&39E 02 26 -0.15895E-11 so 0.528392 02 26 -0.20585E-11 47 
0.529122 02 27 -0.34704E-08 25 0.529122 02 Z7 0.120552-08 28 
0.55803E 02 28 -0.704231-09 54 0.55803C 02 28 0.87242-10 41 
0.11957E 02 34 0.30532E-08 27 0.11957E 02 34 -0.132672-09 40 
0.12446E 02 35 -0.17877E-07 7 0.12 6E 0 . 35 0.33281E-07 6 
0.168012 02 36 0.10655E-07 14 0.168012 02 36 0.16699E-08 25 
0,173092 02 37 -0.197012-09 
0.20'522 02 30 -0.74922E-08 
32 
18 
0.17309E 02 37 -0.35538E-03 
0.209522 O 38 0.249012-08 
17 
Z2 
0.23272E 02 39 -0.35732E-07 2 0.23872E 02 39 -0.50946E-07 5 
0.27020E 02 40 0.37355E-07 I 0.27020E 02 40 -0.19109E-06 2 
0.291552 02 41 -0.15292E-07 10 0.29155E 02 41 -0.26022E-07 10 
0.30(482 02 42 -0.25(692-09 39 0.3004E 02 42 -0.23955E-09 36 
(.30O0E 02 43 -0.32039E-08 26 0.30300E 02 43 -0.76556E-10 43 
0.316352 02 44 -0.14085E-07 11 0.31635E 02 44 0.345392-08 18 
0.32753E 02 45 0.19485E-09 41 0.32753E 02 45 0.13924E-09 39 
0.33123E 02 46 0.304512-07 3 0.331232 02 46 -0.17142E-07 13 
0.36920E 02 47 0.15859E-07 9 0.36920F 02 47 -0.33192E-07 7 
0.378SE 02 68 -0.12117E-07 12 0.378282 02 48 -0.11828E-07 15 
0.38871E 02 09 -0.89166E-09 31 0.33371E 02 49 -0.1638E-08 26 
0.4346&E 02 50 -0.59502E-08 20 0.434682 02 50 0.30765E-08 19 
0.45841E 02 51 0.19532E-07 6 0.458.1 02 51 0.14260E-07 14 
0.51102E 02 52 0.298IE-08 28 0.51102E 02 52 0.83938E-10 42 
0.62131E 02 53 -0.10235E-10 49 0.52131E 02 53 0.28877E-10 45 
0.52227E 02 54 -0.145802-10 48 0.52227E 02 54 0.10252E-11 50 
(.59475E 02 55 -0.202622-09 
0.60748E 02 56 -0.25904E-07 
40 
5 
0.59475E 02 55 0.79527E-09 
0.607A8E 02 56 0.267902E-07 
31 
9 
0.651351 02 57 -0.10934E-07 13 0.65135E 02 57 0.26882E-03 20 
0.67311E 02 58 0.17467E-07 8 0.67311E 0, 58 0.13080E-06 3 
RATE COEFFICIEIITS. RESPONSE FROM u 9014 INPUT FROM = 5133 RATE COEFFICIENTS. RESPONSE FROM = 9015 INPUT FROM = 5133 
FREQUENCY MODE No. COEFFICIENT RANK FREQUENCY MODE NO. COEFFICIENT RANK 
0.11764E 02 4 -0.81937E-06 1 0.13764E 02 4 0.17405E-07 13 
0.17525E 02 5 0.16782E-07 16 0.1752SE 02 5 -0,87254E-10 40 
0.18133E O 6 0.22q222-06 6 0.10133C 02 6 -0,52955E-08 13 
0.19370E 02 7 -0.966112-09 39 0.19370E 02 7 0,166355-10 47 
0.22939E 02 a 0.429002-06 3 0.22939E O 8 0112906E-06 4 
0.25796E 02 9 0.24995E-06 4 0.25796E 02 9 0.13119E-06 3 
0.23702 02 10 -0.16335E-03 33 0.28702E 02 10 0.5196&E-10 43 
0.289148 02 11 0.20595E-03 29 0.28944[ OZ 11 0.979438-09 29 
0.30096E 02 2 -0.121512-10 48 0.300962 02 12 -0.422812-11 50 
0.31603E 02 13 0.756838-10 44 0.31603E 02 13 0.25456E-10 46 
0.32384E 02 14 -0.19975E-03 31 0.323848 O 14 =0.606058-09 33 
0.327292 02 15 0.6767LE-09 40 0.32729C 02 15 0.354872-09 36 
0.34836E 02 16 -0.26986E-09 42 0.34836E 02 16 -0.560168-10 42 
0.365788 02 17 -0.17374E-07 15 0.36578E 02 17 -0.555402-08 17 
0.38611E 02 18 -0.75513E-08 20 O.S3611E 02 18 -0.17872E-08 2S 
0.38819E 02 19 0.741372-08 21 0.38819E 02 19 0.81158E-08 16 
0.419142 02 20 -0.44123E-07 11 0.41914E 02 20 0.176518-07 1z 
0.48225E 02 21 -0.10459E-06 9 0.48225E 02 21 -0.357825-07 8 
0.493302 02 22 -0.146938-03 35 0.49330E 02 22 -0.748062-09 31 
0.51462E 02 23 -0.489702-09 41 0.51462E 02 3 -0.17140E-09 39 
0.52124E 02 24 -0.26757E-10 47 0.52124E 02 24 -0.434608-10 45 
0.52244E 02 25 -0.74604E-10 45 0.52244E 02 25 -0.44752E-10 44 
0.523398 02 26 -0.11263E-10 49 0.528391 02 26 -0.58501E-11 43 
0.52912E 02 27 -0.459822-08 25 0.52912E 02 27 -0.20209E-08 22 
0.558032 02 28 -0.51964E-08 24 0.55803E 02 28 -0.18539E-08 24 
0.11957E 02 34 0.53790E-07 10 0.11957E 02 34 -0.192352-06 2 
0.12446E 02 35 0.1172(E-08 
0.1600E 02 36 -0.43667E-06 
37 
2 
0.12446E 02 35 -0.21841E-08 
0.16301E 02 36 0.54010E-07 
20 
5 
0,17309C 02 37 -0.13727E-07 17 0,173D92 02 37 0.271688-08 19 
0.20952E 02 38 0.2296GE-06 5 0.20952E 02 38 0.2050SE-06 1 
0.23872E 02 39 0.13687E-06 7 0.23872E 02 39 0.385339E-07 7 
0.27020E 02 40 -0.2e41OE-Os 
0.29155E 02 41 -0.78659E-03 
28 
19 
0.27020E 02 40 -0.82790E-09 
0.29155E 02 41 -0.21506E-08 
30 
21 
0.3004E O 42 -0.85894E-08 18 O.300qBE OZ 42 -0.272198-09 38 
0.30O8 02 43 -0,118612-8 36 0.308000 02 43 -0.28702-09 37 
0.31635E 02 44 0.412282-07 13 0.31635E 02 44 0.10499E-07 14 
0.32751E 02 45 -0.157511-08 34 0.32753C 02 45 -0.45837E-09 35 
.0.33123E 02 46 0.540562-08 22 0.33123E 02 46 0.16396E-08 26 
0.36920E 02 47 -0,35464E-08 26 0.36920E 02 47 -0.11602[-08 2a 
0.378BOE oz 48 -0.32497E-07 14 0.378E OZ 43 -0.98274E-08 15 
0.38871E 0Z 49 -0.3134&E-08 27 0.388712 02 49 -0.49842E-09 34 
0.4346C2 02 50 -0.11459E-06 8 0.43468E 02 50 0.28571E-07 l 
0.45841E 02 51 -0,20026E-03 30 0.45841C 02 51 -0.14762E-08 27 
0.51102E 02 52 -0.42338E-07 12 0.51102E 02 52 -0.,3460E-07 6 
0.52131E 02 53 -0.5440.E-11 50 0.52131E 02 53 -0.50309E-11 49 
0.52227E 02 54 0.81537E-10 43 0.522278 02 54 -0.706642-09 32 
0.59475E 02 55 -0.44034E-10 46 0.59475E 02 55 -0.74763E-10 41 
0.60718E 02 56 -0.52757E-08 23 0.6074,8 02 56 -0.22212E-07 11 
0.651352 02 57 -0.16961E-03 32 0.651352 02 57 -0.35619E-07 9 
0.673112 02 58 0.10093[-08 38 0.67311E 02 58 -0.13349E-08 23 
RATE COEFFICIENTS. RESPONSE FRDM = 9016 INPUT FROM = 5133 RATE COEFFICIENTS. RESPONSE FRDM = 9024 INPUT FROM 5131 
FREQUENCY N0DE NO. COEFFICIENT RANK FREQUENCY MODE NO. COEFFICIENT RANK 
0.13764C 02 4 -0.69787E-08 16 0.137649 02 4 -0.19498E-07 11 
0.17525E 02 5 0.39189E-07 3 0.17525E 02 5 -0.15805E-07 13 
0.18133E 02 6 -0.12389E-07 8 0.18133E 02 6 0.67241E-57 2 
0.19370E 02 7 -0.39882E-09 32 0.19370E 02 7 -0.17486E-08 30 
0.22939E oZ 8 -0.875632-09 29 O.2939E O a -0.69650E-07 1 
0.25796E 02 9 -0.70776E-08 15 0.25796E 02 9 0.21509E-07 9 
0.28702E 02 10 0.12012E-09 43 0.28702E 02 10 0.15220E-08 31 
0.2894E 02 11 -0.23180E-09 39 0.2894E 02 11 0.40525E-08 22 
0.30096E 02 12 -0.37563E-11 50 0.30096E O 12 -0.83027E-09 34 
0.316032 02 13 0.27161E-09 36 0,31603E 02 13 0.7787EE-10 41 
0.32384E 02 14 0.36326E-09 33 0.32384E 02 14 0.16114E-07 12 
0.32729E 02 15 -0.15082E-09 42 0.32729E 02 15 0.84829E-09 33 
0.34836E 02 16 -0.21580E-09 40 0.34636E 02 16 -0.87395E-09 32 
0.36578 02 17 -0.103972-08 24 0.36578E 02 17 -0.35331R-OS 24 
0.38611E 02 18 -0.97592E-08 10 0.38611E 02 18 -0.20359E-07 10 
0.38819E 02 19 -0.42903E-0 i8 0.38819E 02 19 -0,37591E-08 " 23 
0.41914C 02 20 0.14875E-07 5 0.41914E 02 20 0.24278E-07 8 
0.40225E 02 21 -0.46143E-03 17 0.48225C 02 21 -0,23057E-08 28 
(.493302 02 22 0.19063E-10 45 0.,9330E 02 22 -0.73391E-10 42 
0.51462E 02 23 -0.52409E-09 31 0.51462E 02 23 -0.43299E-09 39 
0.52124E 02 24 0.49315E-11 49 0.52124E 02 24 -0.16786E-11 50 
0.52244E 02 25 -0.19379E-09 41 0.52244E 02 25 -0.62750E-10 43 
0.52839C 02 26 -0.75743E-11 47 0.52839E 02 26 -0.19725E-11 49 
0.52912F 02 27 0.70039E-09 30 0.52912E 02 27 -0.'29912-10 44 
0.55803E 02 28 0.23357E-09 38 0.55303E 02 28 0.24I356-10 45 
0.11?57E 02 34 0.83581E-08 14 0.11957E 02 34 -0.15363E-08 20 
0.12416C 02 35 0.40663E-08 20 0.12416E 02. 35 0.66063E-08 18 
0.1600IE 02 36 0.84652E-08 13 0.16801E 02 36 -0.42478E-07 5 
0.17309E 02 37 0.12114E-07 9 0.17309E 02 37 0.51256E-07 4 
0.20952E 02 38 -O.68I5IE-U7 I 0.20952E OZ 38 0.30119E-07 7 
0.23872E 02 39 0.54663E-07 2 0.23872E 02 39 -0.66956E-07 3 
0.27020E 02 40 0.42351E-08 19 O.7020E 02 40 0.37714E-07 6 
0.29155E 02 41 -0.36596E-08 21 0.29155E 02 41 -0.96293E-08 16 
0.30048E 02 42 -0.26009E-09 37 0.30fl48E 02 'i2 -0.59829E-09 36 
C.30800E 02 43 -0.6984E-11 48 0.30800C 02 43 0.5858E-08 19 
0.31635E C2 44 -0.25745E-08 22 0.31635E 02 44 0.43499E-08 21 
0.32753E 02 45 •-0.32756E-09 34 0.32753E 02 A5 0.17130E-09 40 
0.33123E 02 46 -0.92296E-09 27 0.33123E 02 46 -0.78467E-08 17 
0.36920C 02 47 O.24283E-08 23 0.36920E 02 47 -0.11161E-07 15 
0.3738E 02 48 -0.95926E-08 11 0.3788SE 02 48 0.112732-07 14 
0.38871E 02 49 -0.91603E-09 28 0.38371E 02 49 -0.262032-08 25 
0.43468E 02 50 -0.14772C-07 6 O.;3468E 02 50 0.25584E-08 26 
0,45841E 02 51 -0.10777E-08 26 Oq5841E 02 50 -0.18227E-08 29 
0.51102E 02 52 -0.12225E-08 25 0.51102E 02 52 0.24190E-08 27 
0.52131E 02 53 0.14195E-10 46 0.52131E 02 53 0.25636E-11 48 
0.52227E 02 54 0.49692E-10 44 0.52227E 02 54 0.677E-0 46 
0.59475E 02 55 0.29345E-09 35 0.59175E 02 55 0.26816E-11 47 
0.6074E 02 56 0.22971E-07 4 0.60748E 02 56 -0.47164E-09 37 
0.65135E (2 57 0.875715-08 12 0.65135E 02 57 0.61975E-09 35 
0.67311E 02 58 -0.141 5E-07 7 0.67313E 02 58 0.44685E-09 38 
tow" PAGE is P"O 
RATE CEFFICIENTS. RESPONSE FROM - 9025 IPUT FRDM - 5131 RATE COEFFICIENTS. RESPHE FRCMM 926 ZINUT FRD" 0 5131 
FP0EHGY MODE NO. COEFFiCIENT RANg -FREQUENCY f*10E NO. CDEFFICIE1T RANK 
0.13T E @ -0,2g4 - R5 0.13764E OR q 0,91700-IC 36 
0.17525E 02 3 O.?7860l-ta Is V.1E525E 02 5 0.207710-07 6 
0.- 81331 02 A 026800 34 C. 281338 02 6 0.61990!-oa 8 
0.19137 OR 7 -0.42491&-10 38 0.1917E O 7 O.-03400E-9 I 
0.2293E 02 a 04,406$e-07 3 0.2z9352 OR 8 -0.20*VE0a3 4 
0.235760 OR 9 -. 122531e-07 g5 0.23571E " 94 21 



















0,31603C 02 13 -0.13335E-09 37 0,3163 02 13 0,0990-00 1& 
0.123l8e O 14 -O. 697E- 3 14 0,32384E 02 14 0.2043?-Q0 16 
0.3272 0R2 s -0.33497E-09 30 0.3 2E 0 15 -0.is3238-U I$ 
0.1 ,636 02 16 -0.457791-11 46 0.34836E 02 1d -0.656000-09 24 
.3678E 02 17 0.25207E-09 32 0.4570 02 17 0.178E4--0 2 
0.384 1E O 1is O.fl672E08-0 116M IT 00030.18611E7 6i 
0.386319 O 19 -6.70789 -oa A1 0.8613E 02 i5 -0.172198E-0 19 
0.4139146 ? RD 0.92132E-08 7 0.419140E O 20 -0.114A0E-08 20 
0.482256 02 1 .25-.. 257SS6 0e2oz 21 0,, VE-1 39 





















9.32244E 0? 25 -. 403E5-6 40 C.52S244 0? 2 -0.93?109-. 37 
0.303 9E 02 26 -0.82926E-2 49 0.52838 02 26 O.1352-f11 Q 
0.62720E 02 27 -0.23504k-10 42 0. 2E OR 27 0.31124-O7 32 
0.538E6 02 28 0.-7465SE-13 47 0.55800E &a 2a D.571 E-0 9 44 
0.119$7E 02 34 0.72126E-46 10 0.11957C 02 1; 0.2635C-09 26 
9.12 444 O 25 8 .12446E 02 55 0V.I21~106 1 
02660! &Z u6 -6.110M07 & 0.166a33 03 16 -0.31008-09 31 
0.17301 0? 37 0.20253C-07 I. G.MU1 E 0? 3l -0.34106E-07 3 
0.2'900E 02 35 -0.26969E-07 2 0,209S26 oz is 0.8973E0-9 22 
0.23972e o? 39 0.$5710E-07 4 0.23872E 0Z 35 0.143 8E7-- 7 
0.274260 0oz 4 -O.4Z032f-9B 1' 0.27020E 0? 40 0.33ZI10007 4 
0.29159 O2R 4 0.61496E.09 21 0.291556 02 41 D.32305008 12 
0.3049E 02 4? -0-16951E810 43 0.33446k 6? 42 0323"E8-10 4z 
9 *306008 02 43 -0.63744E-09 26 C. 308000 oz 4 -D .751635-1fl 38 
0.31635E U2 44 0.110746'-0S 13 0.3L635E 02 4-O610-9 23 
0.327530 02 45 -0.136996-I0 41 0.3 7538 02 45 '0,164786'l0 45 
D.331250 02 46 O.132s72-08 16 D.331230 C2 46 -0.210276-80 17 
0.369200 02 47 0.264679-09 30 D.3MO28 cz 47 -0.49912&-07 2 
0.37a8e 02 46 0.Z34938-U1 33 0.318330 &2 48 V3590 9 
0.38B710 0? 49 Z935400 0 .38871V 02 49 0.56"31t.09 27 
0.434686 02 so 0.79592E'0S 24 0,41'r639 0a so 0.54889e-Io S 
0.456419 02 57 -9.80 l370-09 23 0.453416 O? 51 0.15359E'.09 3$ 
0.51162E 02 52 0.99640-09 19 0.51102E f? 32 0O.23727E-10 43 
0.521301 02 53 #.lZ375c-11 43 0.52131E 02 33 0.91211 4 
0.322270 02 34 0.47956E-13 45 U62 27E 0 54 -0.352068013 so 
0.50475E 02 55 0.9627?0-1I 44 0.5%475E 0? 33 0. 44874510n 41 
.0.407460 02 56 -0.5997469-09 27 0.60746E 02 56 0.420288-09 29 
C.651359 102 57 .0.54574C-09 I$ 0.651355 02 57 0,16Z649-09 34l 
0.67311E 0? 58 0192444E09 20 0.67311 0 50 0.56758-0 104 
RATE COEFFICIENTS, RESPONSE FRDM 9024 INPUT FROM = 5132 RATE COEFFICIENTS, RESPONSE FROM 9025 INPUT FROM 5132 
FREQUENCY MODE NO. COEFFICIENT RANK 'FREQUENCY NODE NO. . COEFFICIENT RANK 
0.13764E 02 4 0.10062E-0 36 0,1376'E 02 4 O.q6736E-09 37 
0.17525E 02 5 0.248145-07 14 0.175252 02 5 -0.43741E-08 16 
0.18133E 02 6 0.36113E-06 2 0,18133E 02 6 -0.12182E-08 26 
0.19370E 02 7 -0.43715E-06 1 0.19370C 02 7 -0.10623E-07 9 
0.22q39E 02 8 0.16993E-07 16 0.22939E 02 a -0.58705E-03 1 
0.25796E 02 9 -0.36526E-07 10 0.25796E 02 9 0.20777E-07 3 
0.28702E 02 10 0.27821E-08 34 0.28702E 02 10 0.150902-08 24 
0.28914z 02 11 0.83542E-08 23 0.28944E 02 11 -0.43617E-08 16 
0.30096E 02 12 0.62539C-03 27 0.30096E 02 12 -0.10394E-08 29 
0.31603E 02 13 0.51291E-0 40 0.31603E 02 13 -0.87801E-09 31 
0.32384E 02 14 -0.95144E-03 22 0.323346 02 14 0.13992E-08 25 
0.32729E 02 15 -0.641162-09 39 0.32729E 02 15 0.253182-09 39 
0.34836E 02 16 0.10018E-08 37 0.34836E 02 16 0.52478E-11 48 
0.36578E 02 17 0.15030E-07 17 0.3657E 02 17 -0.10723E-08 28 
0.38611E 02 18 0.14308E-07 18 0.38611E 02 18 0.82028-~09 32 
0.33819E 02 19 0.254862-09 44 0.38319E 02 19 0.479945-59 36 
0.41914E 02 20 -0.24586E-08 35 0.419146 02 20 -0.932932-09 30 
0.482252 02 21 0.13411E-07 19 0.8225E 02 2l 0.43665E-c8 17 
0.49330C 02 22 -0.31366E-09 43 0.A93302 02 22 -0.10478-09 41 
0.514622 02 23 -0.67607E-08 26 0.51462E 02 23 -0.242252-08 21 
0.52124E 02 24 -0.33333E-10 47 0.52121E 02 4 -0.127775-10 47 
0.522.4E 02 25 0.815392-10 45 0.52244E 0? 25 0.317125-10 45 
0.52839E 02 26 -0.99237E-12 50 0.52839E 02 26 -0.41720E-12 50 
0.52912E 02 27 -0.73416E-09 38 0.52912E 02 27 -0.402012-09 38 
0.55603E 02 28 0.49013E-09 4z 0.55803E 02 28 0.55758E-10 44 
0.119575 02 34 -0.40304E-03 30 0.11957E 02 34 0.64083E-08 13 
0.12446E 02 35 0.27752E-07 12 0.124462 02 35 -0.38676C-07 1 
0.16.01E 02 26 -0.75719E-07 5 0.16801E 02 36 -0.19740E-07 4 
0.173095 02 37 0.31080E-08 32 0.173092 02 37 0.171312-08 23 
0.20952E 02 38 -0.13386E-07 20 0.20952E 02 38 0.11986E-07 8 
0.23&72E 02 39 -0.13355E-06 3 0.23872E 02 39 0.31335E-07 2 
0.27020E 02 0 " 0.120836-04 4 0.27020E 02 ' 40 -0.137261-07 6 
0.29155C 02 41 -0.48516E-07 8 0.29155E 02 41 0.420685-08 19 
0.30048E 02 42 -0.71893E-03 25 0.3004&E 02 42 -0.20369E-09 40 
0.3080OE 02 q3 -0.10772E-07 21 0.30300E 02 43 0.11715E-08 27 
0.316355 02 44 -0.40335S-07 9 0.31635 02 4 0.10268E-07 10 
0.32753E 02 45 0.498392-09 41 0.32753E 02 45 -0.68950E-10 42 
0.33123E 02 46 0.71781E-07 6 0.33123E 02 46 -0.12127E-07 7 
0.369209 02 47 0.31742E-07 11 0.3692E 02 47 -0.75837E-09 33 

















0.45841E 02 51 -0.21763E-07 15 0.45341E 02 51 -0.96402E-08 11 
0.51102E 02 52 0.457552-08 29 0.51102E 02 52 0.18757E-08 22 
0.52331E 02 53 -0.8764.E-11 49 0.52131E 02 53 -0.423085-11 49 
0.522272 02 54 -0,37596E-10 46 0.52227E 02 54 -0.15255E-10 46 
0.594755 02 55 -0.163705-10 48 0.59475E 02 55 -0.59996E-10 43 
0.607.8E 02 56 -0.72304E-08 24 0.6074CE D2 56 -0.919412-03 12 
0.651352 02 57 0.32407E-08 31 0.65135E 02 57 -0.2853E-08 20 
0.67311C 02 55 0.28742E-03 33 0.67311E 02 58 0.594602-03 14 



















































































































































































































































































































































































































































0.287022 02 10 -0.948152-09 
0.289442 02 11 -0.323582-99 
0.30096E 02 12 0.161222-11 
0.316032 02 13 -0.365282-10 
0.32384C 02 14 0.21112E-09 
0.3Z7290 02 15 -0.16362E-09 
0.4"36E 02 16 -0.98C45E-12 
0.3657CE 02 17 0.76545E-09 
0.38611E 02 13 -0.2000&E-09 
0.38819E 02 19 -O.50330E-O 
0.419142 02 20 -0.33234.-07 
0.3 252 02 21 -0.64026E-07 
0.49330E 02 22 -0.10576E-08 
0.514G2E 02 23 0,66124E-10 
0.52124E 02 24 -0.3745E-10 
0.52244E 02 25 -0.1839c-10 
t0 0.528392 02 26 -0.153552-11 
0.529012E 02 27 -0.23356E-09 
0.558 03 02 26 0.14678E-09 
0.11957E 02 34 -0.40371C-06 
0.12 6E 02 35 -0.472542-00 
0.1601'E 02 36 -0.0007 -06 
0.173092 02 37 -0.58395E-08 
0.20952E 02 38 -0.032804E-06 
0.230722 02 39 -0.336222-07 
0.270202 02 40 0.304222-09 
0.2915S2 02 41 0.591611-09 
0.30043E 02 42 -0.221162-09 
0.308002 02 43 0.105562-09 
0.31635C 02 44 -0.765402-08 
0.32753E 02 45 0.16220V-09 
0.331232 02 46 -0.65297E-09 
0.369208 02 47 0.554302-10 
0.37882 02 48 -0.4-5662C-09 
0.38871E 02 49 -0.35661E-09 
0.434682 02 50 -0.767292-07 
0.45341E 02 51 0.72U60E-09 
0.511022 02 52 -0.273182-07 
0.52131E 02 53 -0.20797E-1 
0.52227Q 02 54 -0.739332-09 
0,594752 02 55 -0.221382-30 
0.60782 02 56 -0.78837E-08 
0.65135E 02 57 -0.92968E-c8 
0.67311E 02 5B -0.64165-09 

































































































RATE COEFFICIENTS. RESPONSE FROM = 
FREQUENCY MODE NO, COEFFICIENT 
0,13764E O 4 0.32258E-08 
0,17525F 02 5 -0.231312-07 
0,18133E 0 6 0.19124E-07 
0.19370E 02 7 0.15292E-08 
0,22939E 02 8 0.18821E-07 
0.25796E 02 9 -0.133500-07 
0.2a7026 02 10 -0.6004,E-09 
0.28944E O 11 0.111342-08 
0.30096E 02 12 -0.427752-11 
0.31603C 02 13 0.5507S2-09 
0.323842 02 14 0.2377a2-09 
0.32729E 02 15 -0.10025E-09 
0.34836E 02 16 -0.14050E-09 
0.365782 02 17 -0.1868GE-08 
0.33611E 02 18 -0.450I 0-08 
0.38819E 02 19 -0.12255E-08 
0.4190 0E2 20 O.41330E-08 
0.482252 02 21 -0.475362-DO 
0.49330E 02 '22 0.85227E-10 
0.5146220 2 23 -0.21236E-08 
0.5214 02 24 0.192E-10 
0.522442 02 25 -0.719590-10 
0.528290 02 26 0.24321E-11 
0.52912E 02 27 0.308792-08 
0.5$803E 02 28 0.951122-09 
0.119572 02 34 -6.319250-07 
0.12446E 02 35 0.572392-07 
0.16601E 02 36 -0.28753E-03 
0.17309E 02 37 0.7049 0-08 
0.209520 02 38 0.109160-07 
0.23872E 02 39 , -0.312192-07 
0.270202 02 40 -0.235872-08 
0.29155E 02 41 0.228902-08 
0.30048E 02 42 0.422322-09 
0.30800E 02 43 0.12454E-10 
0.316352 02 44 -0.47767E-08 
0,32753E 02 45 0.112782-09 
0.33123E 02 46 0.113120-08 
0.369200 02 47 -0.830382-03 
0,378882 02 48 0.115782-07 
0.38871E 02 49 0.56643C-09 
0.4346,2 02 50 -0.52914E-08 
0.458312 02 51 -0.13860E-09 
0.51102E 02 52 0,65364E-09 
0,52131E 02 53 0.82531E-11 
0.52227E 02 54 0.383080-11 
0,594752 02 35 0.10109C-09 
0,6071,2 02 56 0.552(62-03 
0.65135E 02 57 0.277372-04 
0.67311E 02 58 -0.393920-00 





























































































INPUT FROM = 5131 RATE COEFFICIENTS. RESPONSE FRDM 90045 INPUT FROM = 5131RATE COEFFICIENTS. RESPONSE FROM = 90044 


































































































0.365782 D2 17 0.0 37 0.36578E 02 17 0.312292-08 12 
0.38611E 02 18 0.0 36 0.386116 02 18 0.48754E-07 3 


































































































0.17309C 02 37 -0.637342-07 2 0.17309E 02 37 0.0 47 
0.209522 02 38 -0.518992-07 3 0.209522 02 38 0.0 46 

















0.30048E 02 42 -0.23645E-09 1 0.30048E 02 42 0.0 qz 
0.30300E 02 43 0.32968C-0 15 0.3080OE 02 43 0.0 41 

























0.3738E 02 48 -0.11282E-07 9 0.378881 02 48 0.0 36 

















0.51102E 02 52 -0.276832-08 16 0.1102E 02 52 0,0 32 
0.52131C 02 53 0.227332-11 25 0.52131E 02 53 0.0 31 

















0.65135C 02 57 0.22672E-08 18 0.65135E 02 57 (.0 27 
0.67311E 02 58 0.10517E-07 10 0.67311E 0Z 58 0.0 26 
RATE COEFFICIENTS. RESPONSE FROM -

FREQUENCY MODE NO. COEFFICIENT 
0.13764F 02 4 0.0 
0.17525E 02 5 0.0 
0.18133E 02 6 0.0 
0.193702 02 7 0.0 
0.22939E 02 8 0.0 
0.Z57963 02 9 0.0 
0.28702E 02 10 0.0 
0.28944 02 11 0.0 
0.30096E 02 12 0.0 
0.31603E 02 13 0.0 
0.323342 02 14 0.0 
0.32729E 02 15 0.0 
0.31836E 02 16 0.0 
0.36578E 02 17 0.0 
0.38611E 02 18 0.0 
0.38319E 02 19 0.0 
0.419144 02 20 0.0 
0.482252 02 21 0.0 
0.493303 02 22 0.0 
0.51462C 02 23 0.0 
0.52124E 02 24 0.0 
0.52244E 02 25 O.0 
0.528392 02 26 0.0 
0.529122 02 27 0.0 
0.55303E 02 28 0.0 
90046 INPUT FROM = 5131 RATE COEFFICIENTS. RESPONSE FRDM -
RANK FREQUENCY MODE NO. COEFFICIENT 
so 0.13764E 02 4 0.0 
49 0.17525E 02 5 0.0 
48 0.18133E 02 6 0.0 
47 0.19370E 02 7 0.0 
46 0.22939E 02 8 0.0 
45 0.25796E 02 9 0.0 
44 0.28702E 02 10 0.0 
43 0.28944E 02 11 0.0 
42 0.30096E 02 12 0,0 
41 0.31603E 02 13 0.0 
40 0.32384S 02 14 0.0 
39 0.32729E 02 15 0.0 
38 0.34836E 02 16 0.0 
37 0.365762 02 17 0.0 
36 0.38611E 0Z 18 0.0 
35 0.38819E 02 19 0.0 
34 0.41914E 02 20 0.0 
33 0.482252 D2 21 0.0 
32 0.49330E 02 22 0.0 
31 0.51462E 02 23 0.0 
30 0.52124E 02 24 0.0 
29 0.522q4E 02 25 0.0 
26 0.52839E 02 26 0.0 
27 0.52912E 02 27 0.0 
26 0.55803E 02 28 0.0 
0.11957E 02 34 0.40438E-08 16 0.11957E 02 34 -0.12509E-07 
0.12446E 02 35 0.33674E-07 5 0.124463 02 . 35 0.54324E-07 
0.16301a 02 36 0.91195E-05 9 0.16801C 02 36 0.73710-07 
0.17309E 02 37 0.95788E-07 I 0.17309E 02 37 -0,38646E-08 
0.20952E 02 38 -0.27653-07 7 0.20952E 02 38 0.230663-07 
0.23872E 02 39 -0,93995E-07 2 0.23872E 02 39 0,16944E-06 
0.270202 02 1,0 0.30053E-07 6 0,27020E 02 40 -0.26653E-07 
0.291562 02 41 0.52135E-08 13 0.29155E 02 41 -0.76090E-07 
0.3004.E 02 42 -0.19543E-09 21 0.30048E 02 42 -0.34121E-08 
0.30800E 02 43 0.26246E-09 20 0.30800E 02 43 -0.60624E-08 
0.316353 02 44 0.844152-08 10 0.31635E 02 44 -0.55090E-07 
0.32753E 02 45 -0.9E292E-10 22 0.32753E 02 45 -0.257172-09 
0.33123E 02 46 0.296382-08 17 0.33123E 02 46 -0.32330E-07 
0.36920E 02 47 0.356e6E-07 3 0.369202 02 47 -0.36999E-07 
0.37888E 02 48 -0.348722-07 4 0.37838E 02 48 0,270383E-07 
0.38871C 02 49 0.62712k-08 12 0.38871E 02 49 -0.46039E-08 















0.52131C 02 53 -0.969942-11 25 0.52131E 02 53 -0.77719E-11 















0.651351 02 57 -0.45913E-08 14 0.65135E 02 57 0.118552-07 
0.673118 02 58 0,70564E-03 11 0.67311C 02 58 0.67647E-07 



































































































RATE COEFFICIENTS. RESPONSE FROM -

FREQUENCY MODE NO. COEFFICIENT 

0.13764E 02 4 
0.17525E 02 5 
0.181332 D2 6 
0.19370E 02 7 
0.22939E 02 a 
0.25796E 02 9 

0.28702E 02 10 

0.28944E 02 11 
0.30096E 02 12 
0.31603E 02 13 
0.32384E 02 14 
0.32729E D2 15 

0.34836E 02 16 
0.3657&E 02 17 
0.32611E 02 1s 
0.38C19E 02 19 
0.41914E 02 20 
0.48225E 02 21 0.49330E 02 22 

0.51462E 02 23 

0.52124E 02 24 

0.52244E 02 25 

0.52839E 02 26 

0.52912R 02 27 

0.55803E 02 28 

0.11952E 02 34 

0.12446E 02 35 

0.16801E 02 36 

0.173092 02 37 

0.209520 02 3B 

0.23872E 02 39 

0.27020R 32 40 

0.29155E 02 41 

U.S00431 02 42 
0.30300E 02 43 

0.316350 02 44 

0.32753E 02 45 

0.33123E 02 46 

0.36920E 02 47 

0,37533E D2 43 

0.32871E 02 49 

0.434682 02 50 

0.458410 02 51 

0.51102E 02 52 

0.52131E 02 53 

0.522276 02 54 

0.59475E 02 55 

0.6074E 02 56 

0.6513SE 02 57 




































































































90045 INPUT FROM 5132 RATE COEFFICIENTS. RESPONSE FROM -
RANK FREQUENCY MODE NO. COEFFICIENT 
22 0.13764E 02 4 0.0 
14 0.17525E 02 5 0.0 
2 0.18133E 02 6 0.0 
1 0.19370E 02 7 0.0 
9 0.22939E 02 8 0.0 
6 0.25796E 02 9 0.0 
3 U.2 702E 02 .0 0.0 
13 0.28944E 02 11 0.0 
7 0.30096E 02 12 0.0 
a 0.31663E 02 13 0.0 
5 0.32384E 02 14 0.0 
16 0.32729E 02 i5 0.0 
18 0.34836E 02 16 0.0 
10 0.36578E 02 17 0.0 
4 0.38611E 02 18 U.0 
15 0.33819E 02 19 0.0 
19 0.,419l4E 02 20 0.0 
20 
21 
0.48225 02 21 0.0 
0.49330E 02 22 0.0 
12 0.51462E 02 23 0.0 
25 0.521242 02 24 0.0 
23 0.52244E 02 25 0.0 
24 0.52839E 02 26 0.0 
l1 0.52912E 02 27 0.0 
17 0.55803E 02 23 0.0 
50 0.11957E 02 34 0.35929E-O 
49 0.12446E 02 35 0.14146E-06 
48 0.16801E 02 36 0.16262E-07 
47 0.17309E 02 37 0.58082E-08 
46 0.20952E 02 38 0.12293E-07 
45 0.23U72E 02 39 -0.18749E-06 
44 0.27020E 02 40 0.96309E-07 
43 0.29155E 02 41 0.26267E-07 
42 0.300402E 02 42 -0.23483E-08 
41 0.30800E 02 43 -0.48264E-09 
40 0.31635E 02 44 -0.78274E-07 
• 39 0.32753E 02 45 -0.28597E-09 
38 0.33123E 02 46 -0.27113E-07 
37 0.36920E 02 47 -0.10037E-06 
36 0.378380 02 48 0.83573E-07 
35 0.38871C 02 49 0.11162E-07 
34 0.434632 02 50 -0.25939E-07 
33 0.458412 02 51 -0.12547E-06 
32 0.51102E 02 52 0.37703E-08 
31 0.52131E 02 53 0.331602-10 
30 0.52227E 02 54 -0.24523E-10 
29 0.59475E 02 55 0.42124E-09 
28 0.607480 02 56 0.65493E-07 
27 0.65135E 02 57 -0.24008E-07 
26 0.67311E 02 58 0.45387E-07 


































































































5133 RATE COEFFICIENTS. RESPONSE FROM * 90045 INPUT FROM RATE COEFFICIENTS. RESPONSE FROM - 90044 INPUT FROM 5133 

FREQUENCY MODE NO. COEFFICIENT RANK
 FREQUENCY NCDE No. COEFFICIENT RANK 

so 	 0.13764E 02 4 -0.183222-06 3
 0.13764E 02 4 0.0 

0.17525E 02 5 0.174892-08 	 15
0.175252 02 5 0.0 	 49 

0.18133E 02 6 -0.511192-07 4
48
0.181332 02 6 0.0 

0.193702 02 7 0.25312C-09 	 19
47
0.193702 02 7 0.0 

0.22939E 02 8 0.450532-06 1
46
0.22939E 02 8 0.0 

0.257962 02 9 -0.183882-06 2
450.25796E 02 9 0.0 
 0.237021 02 10 -0.32369C-07 5
0.287022 02 10 0.0 	 44 

0.289442 02 11 -0.13434-OB 	 17
0.2a9q2 02 11 0.0 	 43 23
0.30096E 02 12 -0.40071[-10
0.30096E 02 12 0.0 	 42 

0.31603E 02 13 -0.81657L-09 	 18
41
0.31603E 02 13 D.0 
 0.32354C 02 14 -0.44335E-03 	 14
 0.323842 02 14 0.0 	 40 

0.32729E 02 15 0.13915E-08 	 16
0.327292 02 15 0.0 	 39 

0.348362 02 16 -0.15862E-09 	 21
0.348362 02 16 0.0 	 38 

0.36578 02 17 0.94833E-08 	 10
0.365782 02 17 0.0 	 37 

0.386112 02 13 0,116932-07 a
0.336112 02 18 0.0 	 36 

0.38819E 02 19 -0.271002-07 7
35
0.33819E 02 19 0.0 
 0.41914E 02 20 0.293392-07 6
 0.419142 02 20 0.0 	 34 

0.q82252 02 21 0.10847E-07 9
0.482252 02 .21 0.0 	 33 

0.49330E (2 22 0.523452-08 	 12
 0.49330E 02 22 0.0 	 32 

0.51462C 02 23 0.23022E-09 	 20
0.51462E 02 23 0.0 	 31 

0.521242 02 24 0.36365E-11 	 25
 0.521242 02 24 0.0 	 30 

0.52241 02 25 0.401992-10 	 22
 0.522442 02 25 0.0 	 29 

0.52839E 02 26 -0.795052-11 	 24
 0.52839E 0 Z6 0.0 	 28 

0.529122 02 27 -0.691712-08 	 11
0.529122 02 27 a.0 	 27 

0.55032 02 28 0.51488E-08 	 13
0.558032 02 28 0.0 	 26 
 50
0.119572 02 34 0.0 

0.12446E 02 35 0.663732-08 14 

0.119572 02 34 0.78806E-06 1 

0.12446E 02 . 55 0.0 49
 
0.168012 02 36 0.37365E-06 3 
 0.16801F 02 36 0.0 48
 
0.173092 02 37 0.131732-07 10 
 0.17309E 02 37 0.0 47
 
0.209522 02 38 -0.63130E-06 z 
 0.209522 02 38 0.0 	 46
 45
0.23872E 02 39 0.0 

0.27020E 02 40 0.590722-09 21 

0.238722 02 39 -0.101802-06 4 

0.27020E 02 40 0.0 44
 
0.2V155E 02 41 -0.107012-07 12 
 0.291552 02 41 0.0 43
 
0.3D04E 02 42 -0.37373E-03 1 
 0.300482 02 42 0.0 	 42
 41
0.30300 02 43 0.0 

0.316350 02 44 0.4106E-07 7 0.31635E 02 * 44 0.0 40
 
0.327532 02 45 0.60498E-09 

0.308002 02 43 -0.541282-09 	 22 

20 0.327532 02 45 0.0 39
 
0.3313E 0 46 -0.174082-08 18 
 0.33123E 02 46 0.0 38
 
0.36920C 02 47 0.270672-08 16 
 0.369202 02 47 0.0 37
 
0.37882 02 48 0.219282-07 9 
 0.378882 02 48 0.0 36
 
0.38871E 02 49 -0.257352-03 17 
 0.38371E 02 49 0.0 35
 
0134682 02 50 0.117472-07 11 
 0.434682 02 50 '0.0 34
 
0.45341E 02 51 0.965532-11 24 0.458412 02 51 
 0.0 33
 
0.51102E 02 52 0.762602-07 6 0.51IOZE 02 52 0.0 32
 
0.521312 02 53 -0.3&2032-11 25 
 0.52151 02 53 0.0 	 31
 
0.52227E 02 54 0.4&5312-09 19 0.522272 02 54 0.0 30
 
0.59415E 02 55 -0.17214-09 23 0.594752 02 55 0.0 29
 
0.607482 02 56 -0.123935-06 5 .60748E 02 56 0.0 28
 
0.65135E 02 57 0.386192-07 a 
 0.651352 02 57 0.0 27
 
0,67311E 02 s3 -0.72999E-08 13 0,67311[ 02 58 0.0 26
 
RATE COEFFICIENTS. RESPONSE FROII 90046 INPUT FROM * 5133 RATE COEFFICIENTS. RESPONSE FROM 





























































































































































































































































































































































































































R4TE COEFFICIENTS. RESPONSE FRDM = 
FREQUENCY MODE No. COEFFICIENT 
D.13764E 02 4 -0.837442-03 
0,175252 02 5 -0.15242E-09 
0.18133E 02 6 0.2064'R-07 
0.19370E 02 7 0.51512E-09 
D.22939E 02 8 0.29552E-06 
0.257962 02 9 -0.21006E-06 
0.287022 02 10 0.326122-09 
0.23944E 02 11 -0.292685-08 
D.30096E 02 12 -0.812632-08 
0.316035 02 13 -0.172972-09 
0.32342 02 14 -0.24272-67 
0.327292 02 15 -O.62687E-08 
0.343361 02 16 -0.63378E-09 
0.36578E 02 17 0.491662-08 
0.38611E 02 i8 0.42030E-09 
0.3&819E 02 19 0.33696E-07 







0.50l62E OZ 23 -0.151062-10 
0.521242 02 24 -0.430202-11 
0.52244& 02 25 -0.64826C-10 
0.52839E 02 
0.52912E (2 26 27 -0.55574-11 -0.107592-08 
0.55803E 02 28 -0.819462-10 
0.11957E 02 34 -0.65735E-08 
0.12446E 02 35 0.58541209 
0.14801E 02 36 -0.907912-08 
0.17309E 02 37 0.111911-08 
0.20952E (2 38 0.29278C-07 
0.23372E 02 39 -0.35029C-07 
0.27020E 02 40 -0.69810E-08 
0.29155E 02 A1 0.234742-08 
0.300482 02 42 -0.113642-09 
0.30800E 2 43 -0.57326E-08 
0,31635E 02 44 -0.684442-08 






0.17'i 3 2 2-08 
.0.3788E 02 48 0.819902-08 
0.38871C O q9 0.3251SE-09 
0.45468E 02 50 -0.410702-08 
0.458.1E 02 51 0.2732E-07 
0.51102E 02 52 0.698442-08 
0.52131E 02 53 0.27853E-11 
0.52227E 02 54 -0.549822-10 
0.594752 02 55 0.24185E-10 
0.607482 02 56 0.696422-08 
0.65135E 02 57 -0.247992-07 
0.67311E 02 58 -0.21178E-08 
9015 INPUT FROM 140391 RATE COEFFICIENTS. RESPONSE FROM -
RANK FREQUENCY MODE NO, COEFFICIENT 
13 0,13764E 02 4 0.335772-08 
41 0.17525E 02 5 0.684592-07 
10 0.18133E 02 6 0.48296E-07 
36 0.19370E 02 7 -0.12350E-07 
I 0.22939E 02 8 -0.20049E-08 
. a 0.257962 02 9 0.02093E-08 
33 0.28702E 02 10 0.753822-09 
25 0.2894E 02 11 0.69267E-09 
15 0.300962 02 12 -0.721962-08 
40 0.316032 02 13 -0,18.i 6E-08 
3 0.32384E 02 14 0,374172-07 
21 0.32729E 02 15 0.26647E-08 
33 0.34336E 02 16 -0,24417E-08 
23 0.36578E 02 17 0.16285E-08 
37 0.38611E 02 18 0,22951E-08 
5 0.38819E 02 19 -0,178132-07 
6 0.41914E 02 20 -0.254002-07 
11 0,4822EE 02 21 -0,21946E-08 
34 0,43302 02 22 0.15136E-10 
47 0.51462C 02 23 -0,461882-10 
49 0.52124E 02 24 0.488162-I 
44 0.522(4E 02 25 -0.28072E-09 
48 0.52839E 02 26 -0.71972E-11 
31 0.52912E 02 27 0.37290E-09 
43 0.558032 02 28 0.10324E-10 
20 0.11957E 02 34 0.28563E-09 
35 0.12446E 02 35 -0.10899E-08 
12 O.16OIE 02 36 -0.142302-08 
30 0.17309E 02 37 0.49399E-06 
7 0.20952E 02 38 -0.97309E-08 
4 0.23872C 02 39 -0.49943E-07 
17 0.27020E 02 40 0.357112-07 
27 0,29155E 02 41 0.39945E-08 
42 0.30048R 02 42 -0.108592-09 
22 0.3080DE 02 43 -0.13698E-09 
19 0.31635E 02 44 0.167832-08 
32 0.327532 02 45 0.66422E-09 
26 0.331232 02 46 -0.135572-08 
29 0.369202 02 47 -0.36485E-08 
14 0.37888E 02 48 0.80031E-08 
39 0.38871E 02 49 0.59759E-09 
24 0.434 6BE 02 50 0.212352-08 
8 0.458412 02 51 0.199492-07 
16 0.51102E 02 52 0.19646209 
50 0.52131E 02 53 -0.78587E-11 
45 0.52227E 02 54 0.38664E-11 
46 0.59475E 02 55 -0.94928E10 
18 0.607482 02 56 -0.720232-08 
9 0.651351 02 57 0.609702-08 
28 0.673112 02 58 -0.158602-07 




































































































RATE COEFFICIENTS. RESPONSE FROM 

FREQUENCY MODE NO. COEFFICIENT 
0.13764E 02 4 -0.10583E-O 
0.1752SE 02 5 -0.81293r-10 
0.18133E 02 6 -0.10175E-08 
0.19370E 02 7 0.18371C-09 
0.22939E 02 a -0.41284E-08 
0.25796E 02 9 0.64851E-09 
0.28702E 02 10 -0.216272-09 
0.289,4E 02 11 -0.12462E-10 
0.30096E 02 12 -0.30349E-09 
0.31603E 02 13 0.73633E-11 
0.32384E 02 14 -0.27681E-08 
0.32729E 02 15 -0.13828E-09 
0.34836E 02 16 0.43712E-11 
0.3657SE 02 17 0.21448E-08 
0.38611E 02 10 0.4f278EL08 
0.38019E 02 19 0.49434E-08 
0.41914E 02 20 0.66472E-08 
0.48225E 02 21 -0.28995E-08 
0.49330E 02 22 -0.20917E-09 
0.51462E 02 23 0.48360R-11 
0.521242 02 24 -0.8087aE-13 
0.5224e4E 02 Z5 -0.51593E-11 
0.52839E O Z6 0.50317E-I 
0.529122E 02 27 0.76591E-09 
0.55803E 02 23 -0.19004E-10 
0.11957E 02 34 -0.33298E-07 
0.12446E 02 35 0.304641-08 
n.16RO]r n2 36 0.242361-06 
0.17309E 02 37 0.39411E-07 
0.20952E 02 38 -0.66230E-07 
0.23872E 02 39 0.50190E-06 
0.27020E 02 40 0.78443E-07 
0.29155E 02 41 0.45076E-07 
0.30048E 02 42 0.39380E-07 
0.30300E O 43 0.44078C-06 
0.31635E 02 44 0.23997E-06 
0.32753E 02 45 -0.49590E-08 
0.331231 02 46 --0.32328E-07 
0.36920E 02 47 -0.49482E-07 
0.3788BE 02 46 -0.18455E-06 
0.38871E 02 49 -0.0015E-07 
0.43468E 02 50 -0.10930E-06 
0.45841E 02 51 -0.29399E-06 
0.51102E 02 52 -0.17053E-06 
0.52131E 02 53 -0.215732-10 
0.52227E 02 54 0.57358E-10 
0.59475E 02 55 0.492770-11 
0.60743E 02 - 56 0.2502SR-07 
0.65135E 02 57 0.24236E-00 
0.67311E 02 58 -0.12898E-07 

















































































































































































































































































































































































































































INPUT FRDM 1 RATE COEFFICIENTS. RESPONSE FROM - 9014 INPUT FROM - 140393RATE COEFFICIENTS. RESPONSE FROM - 9016 40392 
FREOUENCY MODE NO. COEFFICIENT RANK REQUENCY NODE NO. . COEFFICIENT RANK 
0.13764E 02 4 -0.9014E-11 42 2.13764E 02 4 -0.66442E-06 2 
0.17525E 02 5 -0.18953E-09 28 0.17525E 02 5 -0.48002E-07 15 
0.18133F 02 6 0.5A218F-lO 34 0.1B133E 02' 6 -0.20170E-06 4 
0.19370E 02 7 0.75837E-10 32 5.19370E 02 7 0.72227E-07 12 
0.22939E 02 5 0.8,26SE-11 q3 0.22939E 02 8 -0.79302E-06 1 
0.25796E 02 9 -0.187SE-10 39 0.25796E 02 9 0.70178E-07 13 
0.28702E 02 10 0.1585SE-10 40 0.2 72E 02 10 -0.13118E-07 27 
0,2394'E 02 11 0.14026E-11 47 0.23944E 02 11 -0.11529E-08 39 
0.30096C 02 12 -0.93817E-10 31 0.30096E 02 12 -0.152138-07 25 
0.31603E 02 13 0.26423E-10 38 0.31663E 02 13 0.37949E-09 41 
0.32384E 02 14 0.50339E-09 26 0.32384E 02 I -O.10669-06 6 
0.3279E 02 15 0.30024E-10 37 0.32729E 02 1 -0.49577E-08 34 
0.34836E 02 16 0.34956E-ll 45 0.34836E 02 16 0.64116E-09 40 
0.36578E 02 17 0.227102-09 27 0.36578E 02 17 0.93656E-07 7 
0.38611E 02 18 0.53547E-08 16 0.3861E 02 18 0.87123E-07 9 
0.388191 02 19 -0.28607E-08 21 0.38819E 02 19 0.93229E-07 8 
0.41914E 02 20 -0.22409E-08 23 0.4?194E 02 20 0.73376E-07 11 
0.48225E 02 21 -0.13347E-09 29 0.43225E 02 21 0.26777E-07 23 
0.49330E 02 22 0.27128E-11 46 0.49330E 02 22 0.85789E-10 44 
0.51462E 02 23 0.51756E-11 44 0.51462E 02 23 0.12727E-07 28 
0.52124E 02 24 0,14906E-13 50 0.52122E 02 24 0.84840E-11 48 
0.52244E 02 25 -0.13402E-10 41 B.522442 02 25 0.21926E-09 42 
0.52539E 02 26 0.33833E-12 49 0.52839E 02 26 0,22813E-10 45 
0.52912E 02 27 -0.11666E-09 30 0.54912E 02 27 0.62854E-08 33 
0.55803E 02 20 0.85419E-12 48 0.55803E 02 28 0.32571C-07 21 
0.11957E 02 34 -0.51740E-08 17 0.11957E 02 34 0.74527E-08 32 
0.12446E 02 35 0.10566E-07 14 0.12446E 02 35 0.14131E-09 43 
n.16RnIE 0? 36 -0.46984E-08 19 0.161301 02 36 -0.24903E-06 3 
0.17309E 02 37 -0.34778E-07 7 0.17309E 02 37 -0.34'619E-08 37 
0.20952E 02 38 0.19668E-07 10 0.20952E 02 38 -0.40940E-07 17 
0.23872E 02 39 0.20044E-06 1 0.23872E 02 39 -0.12674E-06 5 
0.27020E 02 40 -0.11694E-06 4 0.27020E 02 40 -0.17369E-07 24 
0.29155E 02 41 0.20971E-07 9 0.29155E 02 41 0.35033E-07 18 
0.30048E 02 42 0.11925E-08 24 0.30048E 02 42 0.7990ZE-08 29 



























0.37888E 02 48 -0.54477E-07 6 0.37868E 02 48 -0,44223E-07 16 
0.38871E 02 49 -0,29266E-08 20 0.38671E 02 49 -0,4 53E-08 36 
0.43468C 02 50 -0.11091E-07 12 0.43468E 02 50 -0.33106E-07 20 
0.45841E 02 51 -0.15821E-06 3 0.45841E 02 51 -0,34384E-07 19 
0.51102E 02 52 -0.49238E-28 18 0.511OE 02 52 0.77994E-08 30 
0.52131E 02 53 0.562851-10 33 0.52130E 02 53 -0.13675E-11 5o 
0.52227E 02 54 0.34956C-10 35 0.52227E 02 54 -011178E-10 47 
0.59475E 02 55 -0.32836L-10 36 0.59475E 02 55 0,04531E-11 49 
0.6074B6E 02 56 -0.10897E-06 5 0.60748E 02 56 0.766OOE-00 31 
0.65135E 02 57 -0.125135-07 13 0.65135E 02 57 -0.153292-10 46 
0.67311E 02 58 0.18038E-06 2 0.67311E 02 58 -0.47031E-08 35 
RATE COEFFICIENTS. RESPONSE FROM 

FREQUENCY NODE NO. COEFFICIENT 

0.13764E 02 4 0.14114E-07 

0.17525E 02 5 0.24957E-09 

0.18133E 02 6 0.47635E-08 

0.19370E 02 7 -0.12436E-08 

0.22939E 02 8 -0.23558E-06 

0.257162 02 9 0.50873E-07 

0.287022 02 10 0.41606E-09 

0.2894142 02 11 -0.54828-09 

0.30096E 02 lZ -0.52953E-08 

0.316032 02 13 0127636-09 

0.323846 02 14 -0,32370E-07 

0.32729E 02 1s -0.259982-08 

0.34B36E 02 16 0,133090-09 

0.365782 02 17 0.299402-07 

0.3&621E 02 18 0,20620E-07 

0.38192 02 19 0,10206E-06 
0.4f914E 02 20 -0,29354E-07 
0.48225E 02 21 0.91612E-08 
0.49330E 02 22 0,43663E-10 
0.514622 02 23 0.449475-08 
0.52124E 02 24 0.13786E-10 
0.5224 2 02 25 0.13152E-09 
m 0.52839E 02 26 0.118442-10 
00 0.529122 02 27 0.27624C-03 
0.55803E 02 28 0.11620E-07 
0.119575 02 34 -0.26650E-07 
'0.12446E 02 35 -0.26326E-09 
0.16801E 02 36 0.308010-07 
0.17309E 02 37 0.68513E-09 
0.20952E 02 38 -0.36553E-07 
0.23872E 02 39 -0.35500E-07 
0.27020E 02 40 -0.50615E-08 
0.29155E 02 41 0.10399E-07 
0.30048E 02 42 0.25320E-09 
0.30800E 02 43 0.21144E-07 
0.316352 02 44 0.17517E-07 
0.32753E 02 45 -0.41655E-08 
0.331235 02 46 -0.85472E-08 
0.36920E 02 47 -0.10914E-08 
0.37808E 02 43 -0.13375E-07 
0.38871E 02 49 -0.70788E-09 
0.43468E 02 50 0.825432-08 
0.458412 02 51 -0.253462-07 
0.51102E 02 52 0.80062E-08 
0.521319 02 53 -0.12645E-11 
0.522272 02 54 0.96871E-10 
0.594752 02 55 0.143510-10 
0.60768E 02 56 0.322845-07 
0.651352 02 57 -0.32192E-09 
0.67311E 02 58 0.87829E-08 





































































































RATE COEFFICIENTS. RESPONSE FRDH = 
FREQUENCY NODE NO. COEFFICIENT 
0.13764E 02 4 -0.56590E-08 
0.17525E 02 5 -0.11209E-06 
0.18133E 02 6 0.11144E-07 
0.19370E 02 7 0.29816E-07 
0.22939E 02 a 0.16186E-08 
0.25796E 02 9 -0.19872E-08 
0.28702E 02 10 0.96170E-09 
0.28944E 02 11 0.12976E-09 
0.30096E 02 12 -0.47045E-08 
0.316035 02 13 0.1361PE-08 
0.323842 02 14 0.19402E-07 
0.32729E 02 15 0.11051E-08 
0.34836E 02 16 0.51272E-09 
0,365782 02 17 0.991696-08 
0.386112 02 18 0.11260E-06 
0.38819C 02 19 -0.53952C-07 
0.41914E 02 20 -0.24736E-07 
0.482252 02 21 0.12326-08 
0.493302 02 22 -0.11127E-11 
0.514622 02 23 0.136215-07 
0.52124E 02 24 -0.15636E-11 
0.522442 02 29 0.56954E-09 
0.52839E 02 26 0.15339E-10 
0.52912E 02 27 -0.95738E-09 
0.55803E 02 28 -0.14640E-08 
0.119572 02 34 0.115802-08 
0.124462 02 . 35 0.490132-09 
0.16801E O 36 0..8276E-08 
0.17309E 02 37 0.30549E-08 
0.209522 02 38 0.12149E-07 
0.23872E 02 39 -0.50615E-07 
0.27020E 02 40 0.25892E-07 
0.29155E 02 41 0.17695E-07 
0.30048E 02 42 0.24195E-09 
0.30800E 02 43 0.50522E-09 
0.316352 02 44 -0.429531-08 
0.327532 02 45 -0.29767E-08 
0.331232 02 46 0.48113E-08 
0.36920E 02 47 0.228440-08 
0.37388E 02 48 -0.13055E-07 
0.38871E 02 49 -0.13010-08 
0.43468E 02 50 -0.426792-08 
0.45841E 02 51 -0.18504E-07 
0.51102L 02 52 0.22520E-09 
0.52131E 02 53 0.356792-11 
0.52227E 02 54 -0.68120E-11 
0.594752 02 55 -0.56327E-10 
0.607482 02 56 -0.33388E-07 
0,65135E 02 57 0.79145r-10 
0.67311E 02 58 0.65772E-07 







































































































INPUT FROM - 140391 RATE COEFFICIENTS. RESPONSE FROM - 9025 INPUT FRDM RATE COEFFICIENTS. RESPONSE FRDM = 9024 
FREQUENCY MODE NO. COEFFICIENT RANK
 FREQUENCY NODE NO. COEFFICIENT RANK 

0.13764E 02 4 0.14769E-06 3
 0.13764E 02 4 0.31798E-06 3 

O.17525E 02 5 -0.51706E-08- 16
0.17525E 02 5 0.29333E-07 13 

0.18133E 02 6 0.27285E-08 21
0.18133E 02 6 -0.80866E-OS 2 

0.193702 02 7 -0.66316E-09 32
0.19370E 02 7 -0.27290E-07 14 

0.22939E 02 8 -0.35870E-06 1
O.??939E 02 8 0,10383E-05 1 
0.25796E 02 9 0.16774E-06 2
 0.25796E 02 9 -0.294892-06 4 

0.28702E 02 10 -0.59503E-08 15
0.23702E 02 10 -0.10971E-07 21 

29 0.28944E 02 11 0.246103-08 24
0.28944E 02 11 -0.47138E-08 

0.30096E 02 12 0.30986E-08 19
0.30096E 02 12 -0.18643E-07 18 

0.31603E 02 13 0.248211-09 36
 0.31603E 02 13 -0.1450E-09 42 
 0.32384 02 14 0.21952E-07 8
0.323842 02 14 -0.149297-06 6 

0.32729E 02 15 0.289042-08 20
0.327Z9E 02 15 -0.731962-08 27 

0.34836E 02 16 -0.11093E-10 44
0.348362 02 16, -0.21177E-OE 35 
 0.36573E 02 17 -0.67760E-09 31
0.36578E 02 17 0.94974E-03 23 

0,38611E 02 18 0.65864-10 410.38611E 02 18 0.114892-05 38 

0.38819E 02 19 -0.209182-07 9
0.38819E 02 19 -0.11108E-07 20 

0.41914E 02 20 0.56836E-07 4
 0.41914E 02 20 0.14977E-06 5 
 043225E 02 21 -0.295503-07 7O.48225E 02 21 -0.90759E-07 8 

0.49330E 02 22 -0.83971E-09 29
0.49330E 02 22 -0.251372-08 33 
 0.51462E 02 23 0.50276-11 47
0.51462E 02 23 0.16264E-10 46 

0.52124E 02 24 -0.37079E-11 48
 0.52124E 02 24 -0.96732E-11 47 

0.52244E 02 25 -0.27289E-10 43
0.52244E 02 25 -0,70166E-10 44 

48 0.52839E 02 26 -0.14506E-11 490.52839E 02 26 -0.34696E-11 

Lo 0.52912E 02 27 -0.22709E-09 41 0,52912E 02 27 -0.124362-09 38
 0.55803E 02 28 0.64881C-11 46
0.55803E 02 28 0.57032E-10 45 

0.11957E 02 34 -0.13797E-07 11
0.11957E 02 34 0.867741-08 24 

0.12446E 02, 35 0.126652-08 27
 0.12446E 02 35 -0.908BOE-09 39 

0.16801E 02 36 0.16822E-07 10
9.16801E 02 36 0.6454.9E-07 9 

0.173092 02 37 -0.2',054E-08 25
0.17309E 02 37 -0.43639E-08 30 
 0.20952E 02 38 -0.468402-07 5
0.20952E 02 38 0.52311E-07 10 

0.23872E 02 39 0.30719[-07 6
0.23872E 02 39 -0.13092E-06 7 

0.27020E 02 40 .25652E-08 22
O.27020E 02 40 -0.22587E-07 15 

25 0.291552 02 41 -0.64575E-09 33
0.291552 02 41 0.74473C-08 

32 0,30048E 02 42 -0.92334E-10 390.300482 02 42 -0.32589E-08 

17 0.30800E 02 43 0.20960E-08 260.30800E 02 43 -0.19274E-07 

0.316352 02 44 0.49896E-08 17
0.31635E 02 44 -0.19600C-07 16 

0.32753C 02 45 0.23775E-08 34 
 0,327532 02 45 -0,3289'E-09 35
 
0.331232 02 46 -0.95915E-09 28
0.33123E 02 46 0.56772E-08 28 

0.36920E 02 47 0.34891E-08 
 31 0.36920E 02 47 -0.33360E-10 40 
19 0.37883 02 48 0.380952-09 340.37888E 02 48 0.182802-07 

0.38871E 02 49 0.23264E-09 37
0.38871E 02 49 0.17008E-08 37 

0.434682 02 50 0.11030E-07 13
0.43468E 02 s0 0.35453C-07 11 

0.45841E 02 51 -0.30146E-07 12 
 0,45841E 02 51 -0.134862-07 12
 
0.511O2E 02 52 0.43902E-08 18
0.51102E 02 52 0.10709E-07 22 

49 O.52131E 02 53 0.11514E-11 50
0.52131E 02 53 0.23851E-11 

43 0,52227E 02 54 -0.575302-10 420.52227E 02 54 -0.14178E-09 

0.594752 02 55 0.71615E-11 45
0.59475E 02 55 0.19541E-11 50 

0.60748 02 56 0.24718E-08 23
0.6074E 02 56 0.19439E-08 36 

0.65135E O 57 0.735002-08 26 
 0.65135E 02 57 -0.64727E-08 14
 
0.67311202 58 -0.72095E-09 30
0.67311E 02 53 -0.348492-09 40 

RATE COEFFICIENTS. RESPONSE FROM = 9026 INPUT FROM 140391 RATE COEFFICIENTS. RESPONSE FROM m 9024 INPUT FROM 140392 
FREQUENCY NODE NO. COEFFICIENT RANK FREQUENCY MODE NO. COEFFICIENT RANK
 
0.13764E 02 4 -0.155202-08 32 0.137642 02 4 -0.85365E-09 32
 
0.1752SE 02 5 -0.40406E-07 4 0,17525E 02 5 -0.81339E-10 39
 
0.18133E 02 & -0.74569E-07 1 0.18133E 02 6 -0.94152E-09 31
 
0.193702 02 7 0.473542-07 2 0,19370E 02 7 0.16753E-09 37
 
0.2939E 02 a 0.430952-07 3 0.22939E 02 8 -0.43633E-08 23
 
0.257962 02 9 0.154842-07 8 0.25796E 02 9 0.66004E-09 33
 
0.28742E 02 10 -0.37682E-08 16 0.287022 02 10 -0.230742-09 36
 
0,289442 02 it -0.33272C-08 18 0.28944E 02 11 -0.954502-11 42
 
0,300962 02 12 -0.82213E-08 12 0.30096E 02 12 -0.242272-09 35
 
0,31603E 02 13 -0.37423E-08 17 0.31603C 02 13 0.20759E-11 46
 
0.32384E 02 14 0.24492E-07 6 0.32334E 02 14 -0.20082E-08 27
 
0.327292 02 15 0.17709E-08 25 O.32729E 0Z 15 -0.84671E-10 38
 
0.348362 02 16 -0.158962-08 30 0.348362 02 16 0.30318E-11 45
 
0.365782 02 17 0.163662-08 29 0.36578E 02 17 0.13244E-08 29
 
0.386112 02 18 0.10586E-08 34 0.386112 02 18 0.267042-08 26
 
0.38819E 02 19 -0.50882E-08 14 0.38819C 02 19 -0.1783E-08 28
 
0.419145 02 20 -0.70575[-00 13 0.41914E 02 20 0.13211E-07 19
 
0.48225E 02 21 -0.216692-08 23 0.482252 02 21 -0.551992-08 22
 
0."9330E 02 22 0.676702-10 44 0.49330E 02 22 -0.45054E-09 34
 
0.514622 02 23 -0.187162-09 40 0.514622 02 23 -0.18224E-11 47
 
0.521242 02 24 0.190292-11 49 0.52124E 02 24 -0.29537E-12 49
 
0.52244E 02 25 -0.104242-09 43 0.522442 02 25 -0.33498E-11 44
 
0.52839E 02 26 D.231042-1 48 0.523392 02 26 0.16310E-12 50
 
0.52912E 02 27 0.16440E-08 28 0.52912C 02 27 0.710462-10 40
 
0.55803E 02 28 0.42042E-10 45 0.558032 02 28 0.47187E-lI 43
 
0.11957E 02 34 -0.10918-08 33 0.11957E 02 34 -0.15718E-06 8
 
0.124462 02 35 -3.153422-07 9 0.12446E 02 35 0.881082-08 20
 
0.16801C 02 36 0.483352-09 36 0.168012 02 36 0.21312E-06 6
 
0.17309C 02 37 0.29037E-08 20 0.173092 02 37 0.30(415-07 15
 
0.20952E 02 33 0.15586E-08 31 0.20952E 02 38 -0.105732-06 10
 
0.23872L 02 39 0.28524E-07 5 0.238722 02 39 0.525452-06 1
 
O.7020E 02 40 -0,19889E-07 7 0.27020E 2 40 0.739612-07 , 11
 
0.29155E 02 41 -0.24984E-08 22 0.29155E 02 41 0.390998-07 12
 
0.3080E 02 42 0.116312-09 41 0.30048E 02 42 0.35788E-07 13
 
0.308002 02 43 0.24731E-09 38 0.30800E 02 43 0.36011E-06 2
 
0.31635 02 44 0.31139E-08 19 0.3163S2 02 44 0.175002-06 7
 
0.327532 02 45 -0.22871E-09 39 0.32753E 02 45 -0.369122-08 25
 
0.331232 02 46 0.166608-08 27 0.33123E 02 46 -0.23471E-07 17
 
0.369202 02 47 0.12477E-07 10 0.36920E 02 47 -0.32400E-07 14
 
0.378888 02 48 -0.965962-08 11 0.37088C 02 48 -U.12443L-06 9
 
0.38371F 02 49 -0.36952E-09 37 0.388712 02 49 -0.83292E-08 21
 
0.434632 02 50 0.760632-09 35 0.43468E 02 50 -0.23526E-06 5
 
0.458412 02 51 0.256558-08 21 0.45841E 02 51 0.21611E-06 4
 
0.51102E 02 52 -0.105058-09 42 0.51102C 02 52 -0.268402-06 3
 
0.52131E 02 53 -I.45692E-11 47 0.52131E 02 53 -0.17033E-10 41
 
0.52227E 02 54 0.29306E-12 50 0.52227E 02 54 -0.1281E-08 30
 
0.594752 02 55 -D.32701E-10 46 0.59475E 02 55 0.675912-I? "8
 
0.607482 02 56 -0.17322E-08 26 0.60748E 02 56 0.29409E-07 16
 
0.65135E 02 57 0.19312E-08 24 0.65135E 02 57 -0.15085E-07 18
 
0.67311E 02 58 -i44260-08 Is 0.67311E 02 58 0.396352-08 24
 

























































































































FREQUENCY MODE No. 
0.13764E 02 4 
D.175251 02 5 
0.18133E 02 6 
0.193702 02 7 
0.22939E 02 a 
0.25796F 02' 9 
0.28702 02 10 
3.2894E 02 11 
0.30096E 02 12 
0.31603E 02 13 
0.32384E 02 14 
0t32729E 02 is 
0.34836E 02 16 
0.36578E 02 17 
0.386112 02 18 
0.38819E 02 19 
0.419142 02 20 
0.48225E 02 21 
0.49330C 02 22 
0.51462E 02 23 
0.52124C 02 24 
0.52244E 02 25 
0.52839F 02 26 
0.52912E 02 27 
0.55803E 02 28 
0.119571 02 34 
0.12446E 02 , 35 






































































































































































































































RATE COEFFICIENTS. RESPONSE FROM 
= 9024 INPUT FRON 140393 RATE COEFFICIENTS. RESPONSE FROM = 
 9025 INPUT FRDN - 140393 
FREQUENCY MODE NO. 
 COEFFICIENT RANK 

0.13764E 02 FREQUENCY MODE NO. COEFFICIENT, RANK
4 -0.53592E-06 2 
 0.13764E 02
0.175252 02 5 4 -0.24892E-06 2-0.48029E-07 17 
 0.175252 02 
 5 0.84664E-08
0.181332 02 16
6 -0.18664E-06 4 
 0.18133F 02 
 6 0.629572-09





0.25796E 02 0.22939E 02 8 0.2959E-06 I
9 0.713832-07 80.287022 02 0.25796E 02 9 -0.406042-07 Q10 -0.139962-07 25 
 0.287022 02 
 10 -0.759132-08
0.28944E 02 1811 -0.883042-09 38 
 0.28944E 02 11 0,46]03E-090.100962 02 12 
-0.12140E-07 27 3? 0.30096E 02 12
0.316032 0.2019LE-08 25
02 13 0.10699E-09 45 
 0.31603E 02 
 13 -0.1831S2-09
0.323342 40
02 1i -0.77401E-07 7 

0.32729E 02 1s 0.323842 02 14 0.11383E-07 25-0.30357E-04 34 0.32729E 02 15 
 0.11987E-08 31
0.348362 02 
 16 0.444702-09 40 0.34836E 02
0.365783 02 17 16 0.23294E-11 490.578352-07 13 
 0.36578E 02 
 17 
-0.41263E-08 20
0.33611E 02 18 0.563632-07 
 14 
 0.386112 02 18 
 0.323122-08 22
0.3Z819E 02 19 -0.33613C-07 
 19 




0.482252 02 21 0.50976E-07 15 
5 0.41914E 02 20 0.553512-07 70.48225E 02 21 
 0.165972-07 11
0.493301 02 22 0.184792-07 43 
 0.49330E 02 
 22 0.61729E-10 43
0.51462E 02 25 
 -0.47961E-08 32 
 0.51462E 02 23
O0S.124E 02 -0.17185E-08 27
24 0.30984E-10 47 

052244E O 25 0.52124E 02 24 0.118772-10 46
0.14236E-09 44 
 0.5224E 02 25 0.55366E-10 44
0.5 8392 
02 26 0.71946E-11 48 
 0.528392 02
r 0.529122 02 26 0.31037E-11
27 0.583032E-09 39 48
0,52912E 02 
 27 0.31925E-09
0.55803E OZ 28 -0.808752-08 30 3a 0.553032 02
0.11957C 02 34 28 -0.920052-09 3z0.351802-07 14 0.11757E 02 34 -0.55936E-07
0.12446E 02 35 60.40870E-09 
 41 
 0.12446E 02 35G.!6801E 02 -0.54F57F-09 3336 -0.218982-06 3 0,16801E 02 36 -0.570672-07
0.173092 02 37 -0.267172-08 35 3 0.173092 02 37 -0.147262-08 30
0.20952E 02 
 38 -0.653032-07 12 
 0.20952E 02 
 38 0.584782-070.23872E 02 39 -0.132&9c-06 6 40.238721 02 
 39 0.31132E-07
0.270202 902 40 -0.16376E-07 24 0.27020E 02 
 40 0.18599E-03 260.29155E02 41 0.329902-07 20
0.3001.82 02 31 0.2915520 2 41 -O,28606E-08 2442 0.726122-08 0.30048E 020.306002 42. 0.20573F-09 39
02 43 0.71090E-07 10 0.30500E 02 43 -0.773092-080.316359 02 1744 0.50161C-07 16 
 0.31635E 02 
 44 -0.12770E-07
0.32753E 02 45 -0.106552-07 28 120.32753E 02 45 0.147402-08 290.331232 02 46 -0,20148E-07 23 0.33123E 02 46 0.34039[-08
0.349202 02 47 -0,21846E-08 36 210.369262 02 47 0.321932-0 4S0.37883E 02 48 -0,293212-07 21 0.37188E 02 48 -0.621452-09 340.3t871E 02 49 
 -0.370272-08 33
0.43463E 02 50 0.38871E D2 49 -0.50649-09 36-0,712552-07 9 0.43468E 02 50 -0.21672-7 100.45841E 02 
 51 0.282422-07 22 0.458412 E 51 0.525E0 2-07 130.51102E 02 52 0,122761-07 26 
0.5253iE 02 53 0.51102E 02 52 0.503242-03 19-0.108 92-11 50 
0.5 2272 0.52131E,2Q 53 -0.522732-12 5002 54 0.249802-09 42 0.52227E 02 54 0.101362-090.594752 02 55 0,115952-11 49 41 0.60748E 02 56 0.b9475E 02 55 0,424942-21 470.90112E-08 29 
 0.6074E 02 56 
 0.11459E-07 14


























0.28702E 02 10 -0.4807,E-08 
0.894',E 02 11 -0.623Z9E-09 
0.30096E 02 12 -0.53572C-08 
0.31603E 02 13 0.27614E-08 
0.32381,E 02 14 0.127002-07 
0.32729E 02 15 0.734442-09 
0.34836E 02 16 0.333802-09 
0.365788 02 17 0.99664E-08 
0.38611E (2 18 0.51932E-07 
0.38819E (2 19 -0.15411E-07 
0.41914F 02 20 -0.68732E-08 
0.48Z25E 02 21 0.121712-05 
0.493302 (Z 22 -0.497462-11 
0.51462E 02 23 0.551932-07 
0.52124E Q2 24 -0.609522-11 
0.5244E 0Z 25 0.21149E-09 









0.11957E 02 34 -O.44232E-08 
0.124462 02 35 0.68993E-08 
0.168012 02 36 -0.16398E-08 
0.173092 02 37 0.177772-08 
0.20952E G2 38 -0.19459-08 
0.238722 02 39 0.28907E-07 
0.27020E 02 40 -0.144202-07 
0.29155E (2 41 -0.110680-07 
0.3D045E 02 42 -0.39285E-09 
0.30800E 02 43 -0.91214E-09 
0.31635C 02 44 -0.79694E-08 
0.32753E 02 45 0.10249E-05 
0.33123E 02 46 -0.59126E-08 
0.36920E 02 47 -0.781180-08 
0.37888E 02 48 0.15758E-07 
0.38871E 02 '.9 0.094402-09 
0.43468E 02 50 -0.15287E-09 
0.458412 02 51 -0.237972-05 
0.511OZE 02 52 -0.120IE-09 
0.521312 02 53 0.207452-11 
0.52227E 02 54 -0.52515E-12 
0.59475E 02 55 -0.19401,-10 
0.607482 02 56 -0.80298E-08 
0.65135E 02 57 0.25068E-10 
0.67311E 02 s 0.103552-07 
























23 0.28702E 02 10 0.0 
39 0.20944E 02 11 0.0 
22 0.30096C 02 12 0.0 
27 0.316032 02 13 0.0 
12 0.3238(2 02 14 0.0 
38 0.32729E 02 15 0.0 
41 0.34836E 02 1G 0.0 
14 0.36578E 02 17 0.0 
4 0.38611E 02 18 0.0 
10 0.38819E O 19 0.0 
19 0.41914E 02 20 0.0 
34 0.48225E 02 21 0.0 
47 0.49330E O 22 0.0 
3 0.51462E 02 23 0.0 
46 0.52124E 02 24 0.01 
4Z 0.522,4 02 25 0.0 
48 0.52839E 02 26 0.0 
25 0.52912E 02 27 3.0 
20 0.55803P 02 28 0.0 
24 0.119572 02 34 0.269312-07 
18 0.12,46E 02 35 -9.177V02-08 
32 0.168012 02, 36 -0.628I1E-07 
31 0.17309E 02 37 0.54263E-08 
30 0.09522 02 38 -0.90140E-07 
6 0.238722 02 39 0.16610E-06 
11 0.27020E 02 40 0.49811E-08 
13 0.29155C 02 41 0.11680C-07 
40 0.30048C 02 42 -0.15603E-05 
36 0.30800E 02 43 -0.108 7E-07 
16 0.31635C 02 44 -0.26769E-07 
35 0.327532 02 45 -0.122682-08 
21 0.33123E 02 46 -0.25570E-08 
17 0.169202 O 47 -0.406692-08 
9 0.378882 02 48 -0.18294E-07 
37 0.388712 O 49 0.167892-08 
33 0.43468C 02 50 -0.168878-08 
29 0,45841E 02 51 -0.178722-09 
43 0.51102C 02 S2 -0.122562-07 
49 0.52131E 02 53 0.2110E-11 
50 0.52227E 02 54 0.53322E-10 
45 0.59475E 02 55 0.55687E-10 
15 0.60748E 02 56 0.338856E-07 
44 0.65135E 02 57 0.26383E-07 
7 0.673112 02 58 -0.820210-08 








































































































(.137640 02 4 
0.17525E 02 5 
0.18133E (2 6 
0.19370E 02 7 
0.229392 C2 8 
0.25796E 02 9 
O.287D2E 02 10 
0,2894A' 02 11 

0.300962 02 12 

0,31603E 02 13 

0.32384E 02 14 

0,327 9E 02 15 

0,34836E 02 16 
0.36578E 02 17 

0.38611E 02 18 

0.38819E OZ 19 
0.41914E 02 20 
0.48225E 02 21 
0.49310E 02 .22 
0.51442E 02 23 
0.52124 02 24 
O.522A4E 02 25 
0.52819E 02 26 

0.5Z912E 02 27 
0.55803E 02 28 
0.119570 02 34 
0.12446E 02 35 
0.1630 1E 02 34 
0.173090 02 37 
0.29952E 02 38 
0.23872E 02 39 
0.270Z02 02 40 
O.2912SE 02 41 
0.3048 02 42 
0.30800E 02 43 
0.31635E 02 44 
0.327530 02 45 
0.331232 02 46 
0.369202 02 47 
0.37883E 02 48 
0.38871C 02 49 
0.43463E 02 50 
0.45841E 02 51 
0.51102E 02 52 
0.52131E 02 53 
0.52227E 02 34 
0.59475E 02 55 
0.60748 02 56 
0.65135E 02 57 

























































































90045 INPUT FROM - 140391 RATE COEFFICIENTS. 
RANK FREQUENCY MODE 

7 0.13764E 02 4 

18 0.175250 02 5 

5 0.18133E 02 6 

12 0.19370E O 7 

1 0.229395 02 8 

3 0.257960 02 9 

4 0.287022 02 10 

16 0.28944E 02 11 

8 0.30096 02 12 

13 0.31603E 02 13 

2 0.32354E 02 14 

10 (.32729E (2 15 

20 0.348362 02 1d 

11 0.365780 02 17 

19 0.38611E 02 18 

6 0.3819E 02 19 

9 0.41914E 02 20 
14 0.4a2252 02 1 
15 0.49330E 02 22 
23 0.51162E 0Z 23 
25 0.52124E 02 24 
22 0.52244E 02 25 
24 0.52839E 02 26 
17 0.52912E 02 27 
21 0.5SB03E 02 28 




























































46 0.20952E 02 38 -0.48037-.07 
45 0.21872E 02 19 -0.18380E-06 
44 0.27020E 02 40 -0.17998E-07 
43 0.2915SE 02 41 -0.40321E-08 
42 0.300A80 02 42 -0.10645E-08 
41 0.30800E 02 43 -0.86357E-09 
40 0.31635E 02 44 -0.38035E-07 
59 0.3Z753R 02 S -0.136420-06 
38 0.33123E 02 46 -0.21440.-08 









34 0.414682 02 so -0.1704E-07 
33 O.4S861 02 51 -0.17552E-06 
32 0.51102e 02 52 0.88247E-08 
51 0.52131C 02 53 -0.90243E-11 
30 0.52227E 02 54 -0.92479E-10 
29 0.594756 02 55 -0.50282E-10 
28 0.60743E 02 56 -0.176072-07 
Z7 0.65135C 02 57 -0.51451E-07 
26 0.673110 02 58 -0.55032E-08 




















































RATE COEFFICIENTS. RESPONSE FROM - 90044 INPUT FROM 140392 RATE COEFFICIENTS. RESPONSE FROM - 90045 INPUT FRDM 140392 
FREQUENCY MODE NO. COEFFICIENT RANK FREQUENCY MODE NO. COEFFICIENT RANK 

















0.19370E 02 7 0.0 47 0.19370S 02 7 -0.49082E-10 17 
3.Z2;3;2 02 8 0.0 46 0.229392 02 8 -0.43357E-08 5 
0.25796E 02 9 0.0 45 0.25796E 02 9 -0.4774C0E-09 11 
0. "702E 02 10 0.0 44 0.287022 02 10 -0.42725C-08 6 
0.28944E 02 11 0.0 43 0.289442 02 11 0.81289E-11 20 
O.30096E 02 12 0.0 42 0.300962 02 12 -O*IOOOBE-08 9 
0.316032 02 13 0.0 41 0.316032 02 13 -0.794392-10 16 
0.32384E 02 14 0.0 40 0.323842 02 14 -0.621312-03 3 
0.327292 02 15 0.0 39 0.327292 02 i -0.284352-09 13 
0.34836E 02 16 0.0 38 0.348362 02 16 0.25693E-11 22 
0.Z6578E 02 17 0.0 37 0.36578E 02 17 -0.11707E-08 7 
0.386112 02 18 0.0 36 0.386112 02 18 -0.63942-08 2 
0.388192 02 19 0.0 35 0.388192 02 19 -0.18070E-07 1 
0.419142 02 20 0.0 34 0.41914E 02 20 -0.44953E-08 4 
0.182252 02 21 0.0 33 0.482252 02 21 0.30072E-09 12 
0.,9330E 02 22 0.0 32 0.493302 02 22 0.744932-09 10 
0.514622 02 23 0,0 31 0.514622 02 23 -0.22736E-11 23 
0*.21242 02 24 0.0 30 0.52124E 02 24 0.111432-13 25 
0.522442 02 25 0.0 29 0.52Z4E (2 Z5 U.278002-11 21 
0.528392 02 26 0.0 28 0.528392 02 26 0.355042-12 24 
0.52912E 02 27 0.0 27 0.52912E 02 27 0.01522E-02 a 
0.558032 02 28 0.0 26 0.558032 02 28 0.18030E-10 18 
0.11957E 02 34 -0.48784E-06 3 0.11957E 02 34 0.0 50 
0.124462 O 35 0.172472-07 15 0.12446E 02 35 0.0 49 
0.italE 02 36 -0.2073CE-06 6 0.16DIE 02 36 0.0 48 
0.173092 02 37 -0.378192-07 13 0.17309E 02 37 0.0 47 
0.209522 02 38 0.182192-06 8 0.20952E 02 38 0.0 46 
0.23872E 02 39 -0.666642-06 1 0.2387aC 02 39 0.0 45 
0.27020E 02 40 -0.163112-07 17 0.270202 02 40 0.0 44 
0.291552 02 41 0.61321E-07 11 0.291552 (2 41 0.0 43 
0.30048E 02 42 0.171351-07 16 0.30012 02 42 0.0 42 
0.30800E 02 43 0.203002-06 7 0.30800E 02 43 0.0 41 
0.31635E 02 44 0.23901E-06 5 0.31635E 02 44 0.0 40 
0.327532 02 45 0.190472-08 21 0.32753E 02 45 0.0 39 
0.331232 O 46 0,10572E-07 19 0.33123E 02 46 0.0 38 
0.369202 02 47 0.377662-07 14 0.36920E 02 47 0.0 37 
0.37838E 0 48 0.124532-06 9 0.37888E 02 48 0.0 36 
0.38871E 02 49 -0.82219E-08 20 0.358712 02 49 0.0 35 
0.43468E 02 50 0,11205E-07 18 0.434682 02 50 0.0 34 
0.158412 02 51 0.141742-08 22 0.458412 02 51 0.0 33 
0.51102E 02 52 0.30716E-06 4 0.511022 02 5 0.0 32 
0.52131E 02 53 -O.15143E-10 25 0.52131E 02 53 0.0 31 
0.52227E 02 5 O48209E-09 Z3 0.522272 02 54 0.0 30 
0.59475E 02 55 0.192622-10 24 0.594752 02 55 0.0 29 
0.607482 02 56 0.587872-06 2 0.607482 02 56 0.0 28 
0.651352 02 57 -0,55184E-07 12 0.65135E 02 57 0.0 27 
0.673112 02 58 0.932342-07 10 0.67311E 02 58 0.0 26 
- 90044 INPUT FROM 140393
RATE COEFFICIENTS. RESPONSE FROM - 90046 INPUT FROM 140392 RATE COEFFICIENTS. RESPONSE FRDM 

FREQUENCY MODE NO. COEFFICIENT RANK FREQUENCY MODE NO. COEFFICIENT RANK 
0.13764E 02 4 0.0 50 0.137642 0Z 4 0.0 50 
0.17525E 02 5 0.0 49 0.17525t 02 5 C.0 49 
0.10133E 02 6 0.0 48 0.181332 02 & 0.0 48 
0.19370E 02 7 0.0 47 0.193702 02 7 0.0 47 
0.22939E 02 8 .0 46 0.22939E 2 8 0.0 46 
0.257962 02 9 0.0 45 0.25796C 02 9 0.0 45 
0.28702E 02 10 0.0 44 0.23702C 0 10 0,0 44 
0,28944E 02 11 0.0 43 0.239442 02 11 0,0 43 
O.3009E 02 12 0.0 42 0.300962 02 12 0.0 42 
0351603E 02 13 0.0 41 0.11603E 0 13 0.0 41 
0.32382E 02 14 0.0 40 0.32384E 02 14 0,0 40 
0,32729E 02 15 0.0 39 0.32729E 02 15 0.0 39 

















0,38819E 02 19 0.0 35 0.383192 0z 19 0.0 35 
0.41914E 02 20 0.0 34 0.4k9l4E 02 20 0.0 34 
0.43225E 02 21 0.0 33 0.4a2251 0 21 0.0 33 
0,49130E 02 22 0.0 32 0.43302 02 22 0.0 32 
0.51462E 02 23 0,0 31 0.514622 02 23 0.0 31 
0.52124E 02 24 0.0 30 0.521242 02 24 0.0 30 
0.52244E 02 25 0,0 29 0.52244E 02 25 0.0 29 
wA 0.52839E 02 26 0.0 28 0.528392 OZ 26 0.0 28 
0.52912E 02 27 0.0 27 0.5 9122 02 27 0.0 27 
0.S5805E 02 28 0.0 26 0.558(32 02 28 0.0 26 
0,11957E 02 34 0.12012E-06 7 0.11957E 02 34 0.10919E-06 5 
0.124462 02 35 0.449112-07 16 0.1 4462 02 35 0.800023-07 20 
0.1t0E 02 36 -0,47542-07 is 0.16801E 02 36 0.21309E-06 1 
0.173092 02 37 0.56840E-07 14 0.17309E 02 37 0.33221E-03 18 
0.209522 02 38 0.97094E-07 11 0.209522 02 38 0.11254E-06 4 
0.Z3872E 02 39 0.757662-06 2 0.23872E 02 39 0.16834-06 3 
0.27020E 02 40 0,589362-07 13 0.27020E 02 40 0.36114E-08 15 
0.291552 02 41 -0.21169E-07 17 0.29152E 02 41 0.517402-07 7 
0.30048E 02 42 0,116902-07 20 0.30043E 02 42 0.34766E-08 16 
0,08.002 02 43 0,161612-07 19 0.30800E 02 43 0.400082-07 8 
0.31635E 02 44 0.339602-06 4 0.31635E 02 44 0.635103-07 6 
0.327532 02 45 0,21180E-08 , 2z 0.327536 02 45 . 0.549733-03 13 
0.33123 OZ 46 0,8e65E-05 21 0.33123E 02 46 0.907463-08 12 
0.369202 02 47 0,10346E-06 10 0.36920E 02 47 0.25463E-03 19 
0.378882 02 48 0.38492E-06 3 0.37838E 02 48 0.298142-07 10 
0.38371E 02 49 0.199343-07 18 0.368712 02 49 -0.365502-08 14 
0.43468C 02 50 0.118302-06 8 0.434682 02 so 0.31939E-08 17 
0.4584E 02 51 0.13921E-05 1 0.45841E 02 51 0.16578E-09 22 
0.51102E 02 52 -0,221172-06 6 0.51102E 02 52 -0.140A92-07 11 
0.5213LE OZ 53 0.64633C-10 Z4 0.521312 02 53 -0.96025E-1 25 
0.52227E 02 54 -O.3611E-09 23 0.52227E 02 54 -0.93947E-10 23 
0.594752 02 55 -0.17392E-10 Z5 0.59475E 02 55 0.31043E-10 24 
0.607483 02 54 ;0.266392-06 5 0.60743E 02 56 0.13013E-06 2 
0.65135E 02 57 0.11175E-04 9 0.651352 02 57 0.349032-09 21 
0.67311E 02 58 0.62589E-07 12 0.67311E 02 58 0.3 015E-07 9 
= 90046 INPUT FROM * 140391


















0.175250 02 5 -0.50026E-08 17 0.17525E 02 5 0.0 49 



























































































































































0.55803E 02 28 -0.32273E-07 12 0.558030 02 28 0.0 26 
w 0.119570 02 34 0.0 50 0.11957E 02 34 -0.31361E-07 9 
0.124E E 02 35 0.0 49 0.12446E 02 35 0.20B33E-08 21 


















0.23872E 02 39 0.0 45 0.23872E 02 39 -0.186270-DC 1I' 
0.27020E 02 40 0.0 44 0.27020E 02 40 -0.130505-07 12 
0.291550 02 41 0.0 43 0.29155E 02 41 -0.17B61E-D7 11 
0.300480 02 42 0.0 4z 0.300482 02 42 0.23718E-08 20 
0.308002 02 43 0.0 41 0.308000 02 43 0.31850-D8 19 












0.33121E 02 46 0.0 38 0.331230 02 46 0.761012-08 15 



















0.134680 02 50 0.0 34 0.4346E 02 50 0.359830-07 8 
0.45841E 0Z 51 0.0 33 0.458410 02 51 0.162812-06 2 
0.51102F 02 52 0.0 32 0.51102E 02 52 0.10116E-07 13 



















0.607480 O2 56 0.0 28 0.60748E 02 56 -0.81624E-07 5 
0.65135E 02 57 0.0 27 0.65135E 02 57 -0.706330-09 22 
0.673110 02 58 0.0 26 0.67311E 02 58 0.22822E-07 10 
Table 4-3: POSITION COEFFICIENTS FOR CONVENTIONAL MODEL
 
POSITION tGYRO) COEFFICIENTS. RESPONSE FROM - 90011 INPUT FROM - 5131 POSITION (GYRO) COEFFICIENTS. RESPONSE FROM 90012 INPUT FPOM - 5131 
FREQUENCY MODE NO. COEFFICIENT RANK FREQUENCY MODE NO. COEFFICIENT RANK 
0.137645 0Z 4 -0.41025E-08 6 C.13764E 02 4 0.541 8E-11 39 
0.17525E 02 5 -0.5341E-08 . 0.175250 02 5 -0.138950-10 31 
.18133E 02 6 -0.945560-08 3 (.11330 02 6 0.61105E-10 26 
0.193706 02 7 0.18543E-09 22 0.19370E 02 7 -0.61447C-12 45 
0.22939E 02 8 -0.29899E-07 1 0.22939F 02 8 0.15392&-09 2L 
0.25796E 02 9 -0.53363E-08 5 0.25796E 02 9 0.e8445-10 27 
0.23702C 02 10 -0,293470-08 9 0.287022 02 10 -0.8279,E-10 2. 
0.28944E 02 11 -0,22034,-08 10 (.289440 02 11 0.11OOE-10 32 
0.30056E 02 12 0.72821E-09 14 .31056E 02 12 0.10917-10 33 
0.31603E 02 13 -0.48140C-09 I 0.31603C 02 13 0.60931E-11 38 
0.323541 02 14 -0,115960-07 2 0.323611 02 14 -0.17106C-0 20 
0.32729E 02 15 -0.757512-09 13 0.32729C 02 15 -0.1038SE-l0 34 
C.348362 02 16 0.54170E-09 16 0.34836E 02 16 0.616430-li 37 
0,365730 02 17 -0,715440-10 25 0.36578E 02 17 0.66065E-11 35 
C.386116 02 18 0.11798E-08 11 0.33611E 02 18 0.102982-09 23 
0.38819E 02 19 0,30783E-08 8 0.38a192 02 19 -O.1718E-10 30 
0.41914C 02 20 0,334260-00 7 0.419111 02 20 -0.195170-10 29 
C.4822SE 02 21 0,92496E-10 24 0,48225E 02 21 0.56799E-12 47 
0.0330E 02 22 0,78547E-11 39 0.49330C 02 22 -0.62484E-12 44 
(.514.2E 02 23 -050654E-10 29 0.51462C 02 23 0.660,70-11 36 
0.E2I24E 02 24 0.22932E-13 49 0.52124E 02 24 -O,50102E-15 5o 
,5224;E 02 25 0.16132E-10 36 0.5 214E 02 25 -0.65340E-13 48 
2.5230R 02 26 0.14864E-12 46 0.528390 02 26 0.20503E-14 49 
8.5291E 02 27 0.7086'.-11 40 0.52912C 02 27 0.57140E-12 46 
0.52303E 02 25 0.479830-01 41 0.55803E 02 28 -0.62847E-12 43 
0.119570 02 34 -0.87258-10 25 0,10957a 02 34 -0.33203E-09 17 
w 0.12446E 02 35 -0.64262E-09 15 0.12446E 02 35 -0.36200C-07 3 
03 0.16801C 02 36 -0.12316E-09 23 0.16801E 02 36 -0.23661E-07 5 
0.17309E 02 37 -0.11609-05 12 0.17309E 02 37 -0.73773E-07 1 
0.20952E 02 38 0.24735E-09 20 0.209562 02 38 0.33066E-07 4 
0.238720 02 39 0.48885E-09 17 0.238/22 02 39 0.3887,E-07 2 
0.27020E 02 40 -0.721686-10 Z7 0.27020E 02 40 -0.76171E-05 8 
0.29155. 02 41 0.27721E-10 31 0.29155t 02 41 0.6668C-09 13 
0.300,SE 02 42 0.21913E-11 A4 0.30018C 02 42 0.11v43E-09 22 
0.39 030 02 43 -0.16657E-10 34 0.308002 02 43 -0.6393(0-09 14 
0.31&35E 02 44 -0.74314E-10 26 0.31635E 02 41. -0.35&q7-o8 9 
0.32753E 02 45 0.10086E-11 45 0.321530 02 45 0.2f:57E-ID0 28 
0.332316 02 '.6 -O.392151-10 30 0.33123L 02 46 -0.91372L-09 1z 
0.36920E 02 47 -0.22112F-09 21 0.369200 02 47 -0.900W21-08 7 
0.378632 02 "8 0.31673E-09 19 0.37888C 02 48 0.14576-07 6 
0.13371E OZ 49 0.222390-I0 32 0.388710 02 49 -0.zv0v9-o 10 
0.434 60 02 50 0.3216RE-11 43 0.43468C 02 50 0.303222-09 18 

















0.52227E 02 54 -0.306512-13 48 0.522270 02 54 -0.320dE0-11 40 
0.59475E 02 55 0.16321E-12 47 0.59475E 02 55 0.85613E-12 42 
0.60748F 02 56 -0.I16S0E-10 35 0.607482 02 56 -0.4476I0-09 16 
0.65135E 02 57 0.16878E-10 33 0.65135E 02 57 0.816050-10 25 
0.673116 02 58 0.404520-11 42 0.67311C 02 58 0.,4932E-09 15 
PCSITION (GYRO) COEFFICIENTS. RESPONSE FROM - 90013 1NPUT FROM - 5131 POSITION (GYRO) COEFFICIENTS. RESPONSE FROM - 90011 INPUT FRH 5132 
FREQUENCY MODE NO. COEFFICIENT -RANK FREQUENCY MODE NO. COEFFICIENT RAN4K 
0.13764C 02 4 -0.28259E-08 9 0.13764E 02 4 0.21171E-09 27 
0.17525E 02 5 0.65495E-08 4 0.17525C OZ 5 D.838621-08 4 
0.18133E 0Z 6 -. ,134D5E-07 I 0.18133E 02 6 -0.50783E-07 1 
0.19370E 02 7 0.14894E-09 31 0.19370E 02 7 D.4.6358E-07 2 
0.221392 02 . 8 -0.59838E-08 6 0.229391 02 8 0.72945E-00 5 
0.-5796C 02 9 0.589692-09 20 0.25796E 02 9 0.90621F-O 3 
0.25702E 02 10 0.64773E-08 5 0.28702E 02 10 -0.53645E-08 8 
0.28944E 0Z 11 0.248B0E-08 10 0.20944E 02 11 -0.454239-08 9 
0.300962 C2 12 -0.96322E-09 16 .30096E 02 12 -0.543522-00 7 
0.31603C 02 13 0.91475E-09 17 0.31603C 02 13 -0.31904E-00 10 
0.SZ84E 02 14 0.76998E-U8 z 0.32384E 02 14 0.68467E-08 6 
0.32729E 02 15 0.49262E-09 23 0.32729E 02 15 0.57255E-09 19 
0.3;336E 02 16 -0.28709E-09 28 0.34836E 02 16 -0.62097L-09 18 
0.36570E 02 17 -0.4969E-07 22 0.36578E 02 17 0.30436E-09 23 

















0.46225E 02 21 -0.19229E-09 29 0.432252 02 21 -0.53800E-09 20 

















0.57244E 02 25 -0.14451E-10 42 0.5224E 02 25 -0.209622-10 44, 
0.52539E 02 26 -0.32207E-l 47 0.52839C 02 26 0.22571C-12 48 
0.52912s 02 27 -0.38731E-10 33 0.52912C 02 27 0.12101E-09 30 

















0.16801E 02 36 0.11438E-G 13 0.16301E 02 .36 -0.219632-09 26 
0.07309E 0? 37 -0.36269E-09 25 0.17309E 02 37 -0.703942-10 36 
0.20952E 02 38 -0.19847E-08 11 0.70952C 02 38 --. 109972-09 32 

























































0.36920E 02 47 0.99110E-09 i5 0.36920C 02 47 0.629422-09 17 
0.37533E 02 40 -0.99673E-09 14 0.37882 02 48 -0.75905C-09 15 
0.3371E 02 49 -0.33252E-09 26 0.38871E 02 49 -0.39584E-10 3B 
0.43468E 02 50 0.79544E-11 44 0.43468E 02 50 0.64582E-10 37 
0.45341E 02 51 0.19154E-10 41 0.45812 02 51 0.113111-09 31 
C.51102 12 52 0.46323E-10 36 0.511022 02 52 -0.287442-10 41 
0.52131L 02 53 -0.53351E-13 50 0.521312 02 53 -0.31012E-13 so 
0.52227E 02 54 0.12513E-12 48 0.52227E 02 54 0.6880&E-13 49 
0.59475E CZ 55 -0.10975E-11 46 0.59475C 02 55 -0.99634.E-12 46 
0.6048E 02 56 0.12026E-09 33 0.60748E 02 56 -0.24805E-09 24 
0.65135E 02 57 -0.2817E-10 39 0.65135E 02 57 0.88256C-10 34 
0.67311E 02 58 -0.11897E-09 34 0.67311E 02 58 0.260191-10 43 
rOSITION (GYRUI COEFFICIENTS. RESPONSE FRON 90012 INPUT FRDN * 5132 POSITION (GYRO) COEFFICIENTS. RESPONSE FROMI 90013 INPUT FROM - 5232 
FRQUENCY NODE NO. COEFFICIENT' RANK FREQUENCY NODE NO. COEFFICIENT RANK 
0.13764E 02 4 -0.27943E-12 47 0.13764E 02 0.14583E-09 39 
0.17525E 02 5 0.21816E-10 35 0.1752 E 02 5 -0.10283E-07 4 
0.18133E 02 & 0.32817E-09 21 0.18133E 02 6 -0.71923E-07 I 
0.19370E 02 7 -0.15362E-09 23 0.19379E 02 7 0.37236E-07 2 
0.229398 02 8 -0.37552E-10 32 0.22939E 02 9 0.101599-08 20 
o 5796E 02 9 -0.02269E-10 28 0.29796E 02 9 -0.]O0l4c-Oa 23 
0.23701E 02 10 -0.15134E-09 24 0.20702E 02 10 0.1184UE-07 3 
0.23944E 020.30096E 02 1112 0.22693E-10-O,82128E-ID 3429 0.28944E 020.30096E 02 1112 0.51239E-080.7255.4-08 8 6 
0.31603C 02 13 O."iEIE-ID 31 0.31603c oz 13 0.60248E-08 7 

















0.36573E 02 17 -0.28104E-10 33 0.36578E 02 17 0.2114ZE-08 15 
0.35611E 02 18 -0.72374E-10 30 0.38611E 02 18 0.27914C-08 13 
0.34319E 02 19 0.11606E-11 46 0.38319E 02 19 -0.53481C-09 30 
0.41914E 02 20 0.19765E-11 45 0.41914E 02 20 0.52977E-09 31 
0.482252 02 21 -0.33037E-Il 42 0,48225E 02 21 0.11134 -O8 22 
0.49330E 02 22 -0.26705E-11 q4 0.49330E 02 22 0.87552-10 42 
0.51'62C 02 23 0.10311F-09 2S 0.51462C 02 23 -0.9438/E-0 5 
0.52124E 02 24 -0.99A90E-14 49 0.52124E 02 24 0.12463C-11 47 
0.52244E 02 25 0.64904E-15 48 0,5224E 02 25 0.10779c-lt 4', 
0.523392 O 26 0.0035SE-1' so 0.528392 02 26 -0.16203C-12 50 
0.52912E 02 27 B.97578E-10 37 0.52912E 02 27 -0.66141E-09 28 
0.55803E 02 28 -0.12763E-IU 36 
0 0.11957C 02 34 -0.295002-09 22 0.119579 02 34 -8.350J82-9 33 
0.124'46E 02 35 -0.I',207F-06 1 0.124.6L 02 35 0.20508E-02 16 
0.16801E 02 36 -0.42193E-07 3 0.16001E 02 36 0.203972-06 17 
0 17300E 02 37 -0.44733E-00 13 0,17309E 02 37 -0.21992E-10 43 













0.27020E 02 40 -0.24410E-07 7 0.27020E 02 40 0.45536E-08 10 
0.29055E 02 41 0.331489e-08 15 029155E 02 41 -0.706612-09 27 
0,30042F 02 42 0.138682-Un 18 0.3000E 02 4z -0.136 2E-09 37 
0.30800E 02 43 0.11756E-08 19 0.30800E 02 43 -O.1536OE-09 37 
0.31635E 02 44 0.33100E-07 5 0.31635E 02 44 -0.303972-0E 11 
0.32753E 02 45 0.83133t-10 27 0 ,3275 c OZ S -0.16159-10 15 
0.331231E 02 46 0.S3586Z-08 9 0.33123E 02 46 -0.15892-08 19 
0.36920E 02 47 0.25601E-07 6 0.36920C 02 47 -0.28186C-08 12 
0.37588E 02 48 -0.39440E-07 4 0.378E 02 4i& 0.Z3P071:-08 1 
0.35716 02 49 -0.51474C-08 12 0.38071E 02 49 -0.59187E-09 29 
0.43468E 02 so 0.60877E-00 11 0.43 68E 02 50 0.15970C-09 36 
0.45841E 02 51 0.22306t-08 17 0.4541C 02 51 0.2871E-0 35 
0.51102E 02 52 -0.41825C-00 14 0,51102C 02 52 O.87621E-10 "1 
0.5213E 0, 53 0.29537E-11 43 8.52131E 02 53 0.18240E-12 49 
0.52227E 02 54 0.720151-1 9 O*5ZZE 02 54 -0.33099E-12 1. 
0.59475E 02 55 -0.522&qr-11 41 0.T97'C 12 55 0.6MUL-11 46 
D.60748E 02 56 -0.68625E-08 10 0.60748E 02 56 0.18437E-08 18 
0.65135E 02 57 0.42671V-09 20 0.6515C 02 57 -0,14732E-09 38 
0.67311C 02 38 0.32059t-08 1r 0.673111" 02 53 -V.76 2,L-0O 26 
POSTTION (GYRO) COEFFICIENTS. RESPONSE FROM 90011 INPUT FROM 5133 POSITION (GYRO) COEFFICIENTS, RESPONSE FROM - 90012 INPUT FROM 5133 
FREQUENCY MODE NO. COEFFICIENT RANK FREQUENCY NODE NO. COEFFICIENT RANK 
0.13764E 02 4 -0.139052-06 2 0.13764E 02 4 0.13353E-09 25 
0.17525E 02 $ 0.56749E-00 7 0.17525E 02 5 0.147626-It 36 
0.18133E 02 6 -0.29177C-07 4 0.10133E 02 6 0.188552-O9 24 
0.19370E 02 7 0.93454E-10 31 0.19370E 02 7 -0.30969E-12 46 
D 27?39E 02 8 0.19466E-06 1 0.229392 02 8 -0.100212-08 16 
0.25796E 02 9 -0.63076E-07 3 0.257965 02 9 0.57263E-09 17 
0.2570E 02 10 0.33707E-08 9 0.28702C 02 10 0.95093E-10 28 
0.2&944E 02 11 -O.85768E-09 15 0.28944E 02 11 0.42849E-11 40 
0.300962 02 12 0.85076E-11 41 0.30096E 02 12 0.12754E-12 47 
0.31603E 02 13 -0.13273E-09 29 0.31603E 02 13 0.166961-11 43 
0.32334E 02 14 0.10428E-08 1 0.3238 2 02 14 0.153842-10 35 
0.32729E 02 15 -0.3700,E-09 19 0.32729E 02 15 -0.50729E-11 39 
0.2 836E 02 

















3.35611E 02 is 0.28309E-09 24 0.38611E 02 18 0.24710E-10 33 
0.35S|9E 02 19 0,21903E-08 11 0.33819E 02 19 -0.121822-10 37 
0.41914E 02 20 -0.14076E-07 5 0.4191',C 02 20 0.705IOE-10 29 
0.48225E 02 21 0.79873E-08 6 0.48225E 02 21 0.49047E-10 30 
0..330E 02 22 0.338842-09 20 0,49330E 02 22 -0.26955E-10 32 



















0.52339E 02 26 0.030t0E-1Z 48 0.52039C 02 26 0.30112E-14 50 
0.52912E 02 27 0,70306E-10 32 0.52912E 02 27 5.56691E-11 38 
0.55 03E 02 28 0.25652E-09 25 0.55803E 02 25 -0.335992-0 31 
0.11?57E Oz 34 0.4U343E-08 8 0.11957C 02 34 0.14505E-07 a 
Q.1 446F 02 35 -0.32983E-09 21 0.124462 02 35 -0.185a02-07 9 
0.165D1E 02 36 -0,11133E-08 12 0.16&51C 02 *36 -0.21389E-06 2 
0.17309E 02 . 37 0.23995E-09 26 0.17309E (Z 37 0.15248-07 10 
0.23952F 020.23372C 02 3839 0.30087C-08-0-.IU 64c-u 1013 0.20952C (20.23872C 02 3839 0.4102202-U4-0.83197E-07 13 
0.27020E 02 40 0.51250E-l 43 0.27020E 02 40 0.54100E-? 18 
0.29155E 02 41 0.19642E-0o 37 0.29155C 02 41 0.470952-09 19 

























0.33123E 02 46 0,19316E-ID 38 0.33123C 02 46 0.45006E-09 20 
0.36920E 02 47 -0.46047E-10 33 0.36920E 02 47 -0.1L729E-08 13 
0.37835SE 02 40 -0.61560E-09 16 O.378102 02 8 -0.31986E-07 5 
0.33371E 02 49 -0.221262-lO 35 0.30711 02 49 -U.2773E-U 12 
0.446E 02 so -0.310102-09 22 0.434689 02 so -0.29231E-07 6 















0.52227E 02 54 0.33350E-11 44 0.52227E 02 54 0.349042-09 21 
0.59475[ 02 55 -0.36764E-12 49 0.594751 02 55 -0.19205E-11 42 
0.607,8E 02 56 -0.21269L-09 28 0.60/Al~t 02 51 -0.58841E-08 11 
0.65135E 02 57 0.287SIE-09 23 0.65135E 02 57 0.13901E-08 15 
0.673(1E 02 58 -0.28078E-11 45 0.67301L O 58 -0.34595E-09 22 
POSITION (GYRO) COEFFICIENTS. RESPONSE FROM * 70013 INPUT FRM 5133 POSITION (GYRO) CfEFFICIENTS. RESPONSE FRDM 90054 INPUT FROM * 5131 
FREQUENCY ODE NO. COEFFICIENT -RANK FREQUENCY MIODE NO. COEFFICIENT RANK 
0.13764E 02 4 -0.95732F-07 1 0.13764E 02 4 (.0 50 
0.17525E 02 5 -0.69584E-08 11 0.175252 02 5 C.0 49 
0.181330 02 6 -0.41362E-07 2 0.18133e 02 6 0.0 40 
0.19370E 02 7 0.750641-10 38 0.19370E 02 7 0.0 47 
__39E 2 0 0.38957E-07 3 0.22V39C 02 8 0.0 46 
0.25796E 02 9 0.697020-08 10 0.257961 02 9 0.0 45 
0.ZSZ2E 02 10 -0.743950-00 9 0.28702E 02 10 0.0 44 
0.2944E 02 11 0.96845E-09 20 0.209442 02 11 0.0 43 
0.3G9.E 02 12 -0.11?53t-10 45 0.30096E 02 12 C.0 42 
0.31603E 02 13 0.25065C-09 30 0.31603E 02 13 0.0 41 
0.323C40 02 1 -0.71450-09 24 0.32384 02 14 0.0 40 
0.32725E 02 15 0.24063E-09 31 0.32729E 02 15 C.0 39 
0.34536E 02 16 -0.61136E-10 40 0.34336E 02 16 U.0 30 
0.36578E 02 17 -0.15092E-08 18 0.365780 02 17 0.0 37 
0.38611E 02 18 -0.95304E-09 21 0.386119 02 18 (.0 36 
0.35319E 02 19 0.561400-08 12 0.380190 02 19 0.0 35 
0.419104 12 20 0.108990-07 6 0.419140 02 20 0.0 34 
0.40225E 2 21 -0.16604E-07 7 0.432250 02 21 0.0 33 
0.491301 02 2z 0.S037I0-09 22 0.49330E 02 22 0.0 32 
0.5146E (2 23 0.2576',-09 28 0.51462E 02 23 0.0 31 
0.5,124E (2 24 0.36538E-11 47 0.5212,E 02 24 0.0 30 
0.52244E 02 25 -0.11155E-10 46 0.522440 02 25 0.0 29 
0.52839E 02 26 -0.596350-12 49 0.52839E 02 26 0.0 20 
0.5291ZE (2 27 -0.30426-09 26 0.52912F 02 27 0.0 27 
0.55303E 02 28 0.21569E-08 14 0.55803E 02 28 0.0 26 
0.11997E 02 34 0.22102E-07 5 0.119570 02 34 -0.1554BE-08 a 
0.144SC 02 35 0.255450-09 29 0.124460 02 35 0.19540E-03 7 
O.153OIE 02 36 0.10339E-07 a 0.16001E 02 , 36 0.4493?2-08 3 
0.17309E 02 37 0.749641-I0 37 0.17309C 0E 37 -0.144702-08 9 
0.200522 02 38 -0.24120-07 4 0.209520 02 38 -0.780310-08 1 
0.23c720 02 39 0,.1b30OE-08 17 0.23872C 02 39 -0.20001E-08 6 
0.27020E 02 40 -0.100920-09 34 0.27020E 02 40 0.55922E-08 2 
0.291551 02 41 -0.99372E-10 35 0.291552 02 41 -0.550300-09 13 
0.30D30 02 42 -0.11366c-09 33 0.3001,8E 02 q2 -0.47.3-10 20 
0.308001 02 43 -0.13840a-10 43 0.30800E 02 43 0.32783E-09 16 
0.31635E 02 44 0.22658E-08 13 0.316352 02 44 0.12852E-08 11 
0.31753002 45 0.361.50-10 '.1 0.327.30 02 45 -0.22057C-10 22 
0.33123E 02 46 -0.834001-10 36 0.33123[ 02 46 0.663652-09 12 
0.36920E (20.37$3E C2 4742 0.206202-090.9373E-08 32is 0.369202 020.37B83E 02 4748 0.38860E-0-0.3S9155-08 54 
0.33371E 02 49 -0.33034E-09 27 0.3181 02 49 -0.13131E-08 10 
0.43460E 02 50 -0.76652E-09 23 0*43468E 02 50 0,319110-X0 21 
0.453412 V2 51 -0.172850-10 12 0.458410 02 51 0.7562SE-10 19 
0.-1k02E 020,5 i31 0O 5253 -0.127610-080.89693E-11 19 so 0.51102E 020.521310 02 5253 0.11535E-09-0.211900-12 1725 
0.52227E 02 54 -0.13614E-10 44 0.52227E 02 54 0.401110-12 24 
0.594750 02 55 0.247221-11 48 0.59475C 02 55 -0.429671-11 23 
8.607'S5 02 56 0.150096-08 16 0.60740E 02 56 0.46925E-09 14 
0.65k352 02 57 -0.47991E-09 25 0.65135E 02 57 -0.109430-09 18 
0.67311E 02 58 0.825780-10 37 0.673110 02 58 -0.463240-09 15 
POS I1ON (GYRO) COEFFICIENTSZ RESPONSE FROM * 90055 INPUT FROM * 5131 POSITION (GYRO) COEFFICIENTS. RESPONSE FROM * 90056 INPUT FROM = 5131 
FREQUENCY MODE NO. COEFFICIENT RANK FREQUENCY MODE NO. COEFFICIENT RANK 
0.137640 02 4 -O.20634E-09 6 0.1376,E 0 4 0.0 s9 
0.17525E 02 5 -0.13474E-09 10 0.17S25E 02 5 0.0 49 
0.18133E 02 6 -0.39314E-10 is 0.18133E 02 6 0.0 48 
0.193702 02 7 0.116132-10 19 0.19370C 02 7 0.0 1,7 
0.l22390 02 8 0.15181E-09 9 0.22939E 2 a 0.0 q6 
0.25796E 02 9 0.374292-09 5 0.257962 02 9 0.0 45 
0.28702E 02 10 -0.20169C-09 0 0.20702E 02 i0 0.0 .4 
0.23914 02 1] 0.236950-09 7 0.239'.4E 02 11 0.0 43 
0.300962 02 12 0.230862-10 17 0.30096E 02 12 0.0 42 
0.31603 02 13 0.94370E-10 11 0.315031 02 13 0.0 41 
0.3354E 02 14 -0.827922-09 1 0.323301 02 14 C.0 cO 
0.317179 02 15 -0.5106&E-10 13 0.32729C 02 1 0.0 39 
0.34S362 02 16 0.37700E-10 16 0.34336E 02 16 C.0 38 
0,3.578E 02 17 0.46772[-10 14 0.36570E 02 17 0.0 37 
0.35611E 02 18 0.75238[-09 2 0.35611C 02 18 0.0 36 
0.3819E 02 19 0.38159E-09 A 0.3819E OZ 19 0.0 35 
C4Iq14E 02 20 -0.50750E-09 3 0.119141 02 20 a.& 34 
0.49275E 02 21 -0.82520-11 20 O.4a2? r 02 21 0.0 33 
0.49310E 02 22 -0.16047E-11 21 0.493300 02 22 U.0 32 
0.51462E 02 23 -0.55942E-10 12 0.5146Z2 02 23 0.0 31 
0,2124E C2 14 0.63614E-14 25 U.521;4E (1 2. 0.0 30 
















0.5Z9125 02 27 O.I s55-o is 0.529122 02 27 0.0 27 
0. 553030 0' 28 0.86994.E-12 22 0. 558032 02 20 0. 0 6 
4 0.13957E (2 34 0.0 50 0.119572 02 34 0.33966E-09 9 
LO 0.124,6E0.16301 02 356 0.00.0 p4 0. 12446E 020.161010 02 3536 0.253002-080.50563C-09 27 
0 1-1n- 37 0.0 .7 02.173092 02 37 0.45791E-08 1 


















0.41552 0.0 13 0.291552 02 41 -0.1017&E-02 12 
0.3001BE 02 42 0.0 42 0.30048C 02 42 -0.860160-l z0 

































































0.51100E 02 52 0.0 52 0.51102E 02 52 0.51634E-10 17 

























0.65135E 0Z 57 0.0 27 0.65135E 02 57 -0.60252E-10 15 
0.67311E 02 54 0.0 26 0.673112 02 50 -0.841992-11 z1 
POSITION (GYRO) COEFFICIENTS. RESPONSE FROM - 90054 INPUT FRDH * 5132 POSITION (GYRO) COEFFICIENTS. RESPONSE FROM * 90055 INPUT FROM 5132 
FREQUENCY MODE NO. COEFrICIENT RANK FREQUENCY M0DE NO. COEFFICIENT RANK 
0.13764E 02 4 0.0 50 D.137648 02 4 0.1.777E-10 21 
0.175250 02 5 0.0 49 D.17525E 02 5 0.2115"E-09 10 
0.18133E 02 6 0.0 48 0.18133E 02 6 -0.211151-09 11 
0.19370E 02 7 0.0 47 0.19370E 02 7 0.36$32E-03 1 
0.27939E 02 a 0.0 .6 0.22939E 02 8 -0.3703EE-10 18 
0.25796E 02 9 0.0 45 0.257962 02 9 -0.635622-09 3 
0.23702E 02 10 0.0 44 0.2870ze 0? 10 -0.36867C-09 8 
0.28944E 02 11 0.0 43 0. 289.4E 02 11 0.188160-09 7 
0.30096E 0' 12 0.0 42 D.30096E 02 12 -0.17390E-09 13 
0.31603E 02 13 0.0 41 0.31603E 02 13 0.62155E-09 4 
0.3'2334S 02 14 0.0 40 0.32304E 02 14 0.840.-09 6 
0.327291 02 15 0.0 39 0.32729E 02 15 0.38599E-10 17 
0.31836E 02 16 0.0 38 0.34836E 02 16 -0.43216E-10 16 
0.36578E 02 17 0.0 37 0.365780C 02 17 -0.19897C-09 12 
0.3S6IE 02 18 0.0 36 0.38611E 02 18 -0.52876E-09 5 
0 35819E 02 19 0.0 35 0.38019E 02 19 -0.25871E-10 19 
0.3914E 02 20 0.0 34 0.4191'E 02 20 O.b14UIE- 14 
0.482252 02 21 0.0 33 0.482250 02 21 0.4,90O1-10 15 
0.493301 02 22 0.0 32 0.49330E 02 22 -0.685802-11 22 
0.514622 U2 23 .0 31 0.511622 02 23 -0.87348E-09 2 
0.5212'E 02 24 0.0 30 0.521Z4E 02 24 0.126320-2 24 
0,522442 25 0.0 29 0.52244E 02 25 -0.817652-12 23 
0.52839 02 26 0.0 28 0.528392 02 26 0.8423(2-13 25 
0.529120 02 27 0.0 27 0.529122 02 27 0.2V,4'28-09 9 
0,558032 02 28 0.0 26 D.5,003 02 28 0.17667E-10 20 
0.11957E 02 34 -0.13814E-08 14 0.11957E 02 34 0.0 50 
0,121462 OZ 35 0.a8508-08 5 0.12446E 02 35 0.0 49 
0.16801E 02 36 0.80215E-08 6 0.16(00 E 02 a6 0.0 ,0 
0.17309E 02 37 -0.87741E-10 21 0.17309E 02 37 0.0 47 
U.Zu9bZ 02 38 0.34661E-05 10 0.209522 02 3a 0.0 46 
O.2872E 02 39 -0.55351E-03 9 0.238722 112 39 0.0 45 
0,27020E 02 40 0.17921E-07 1 0.270200 02 40 0.0 44 
0.29153E 02 41 -0.27726E-03 12 0.29151C 02 41 0.0 43 
0.3004SE 02 42 -0.5374020-? 19 0.300.8E 02 42 0.0 A2 
0.308000 02 43 -0.60293E-09 17 D.30000C 02 43 0.0 41 
0.31635C 02 44 -0.119171-07 2 D.31635E 02 4 0.0 40 
0.32753E 02 45 -0.64173E-10 22 0.327531 02 45 0.0 39 
0.321230 02 46 -0.607102-03 8 0.33123E 02 q6 0.0 3& 
0.369200 02 47 -0.11050E-07 3 0.369205 02 47 0.0 37 
0.373582 02 48 0.952612-08 4 0.3788CE 02 48 0.0 36 
0.3a712 02 49 -0.233752-08 13 0.388711 02 49 0.0 35 
0.434630 02 s0 0.640671-09 16 0.13468C 02 50 0.0 34 
0.45111 02 51 0.90291)-07 15 0.458412 02 51 0.0 33 
0.51102E 02 52 0.33163E-09 20 0.51102E 02 52 0.0 32 
0.52131C 02 53 0.72.44E-12 25 3.5?131E 02 53 0.0 31 
0,52227E 02 54 -0.108001-0L 24 0.52221C 02 54 0.0 30 
0.594752 02 55 0.26230E-10 23 0.594752 02 55 0.0 29 
0.6074BE 02 56 0.719180-08 7 0.607482 02 56 0.0 28 
0.65135E 02 57 -0.572180-09 18 0.651350 02 57 0.0 27 
0,67311E 02 58 -0.297962-08 11 0.67311E 02 58 0.0 26 
PCSITION (GYRO) COEFFICIENTS. RESPONSE FROM - 90056 INPUT FROM * 5132 POSIT.ON (GYRO) COEFFICIENTS. RESPONSE FROM - 90054 INPUT FROM 5133 

















0.18133E 02 6 0.0 48 0.18133P 02 6 0.0 48 

















0.287022 02 10 0.0 44 0.287022 02 10 0.0 44 
0.8944c 02 11 0.0 43 0.23944 02 11 0.0 43 
0.30096E 02 12 0.0 42 0.30096E 02 12 0.0 42 
0.31603E 02 13 0.0 41 0.31603C 02 13 0.0 41 
0.32384E 02 14- 0,0 40 0.3?3842 02 14 0.0 40 
0.327292 02 15 0,0 39 0.327292 02 15 0.0 39 
0.34836E 02 16 0.0 38 0.34836C 02 16 0.0 38 
0.36578E 02 17 0.0 37 0.36578E 02 17 0.0 37 
0.336112 02 18 0.0 36 0.33611C 02 1a 0.0 36 
0.388192 02 19 0,0 35 0.388192 02 19 0.0 35 
0.419142 02 20 0.0 34 0.419142 02 20 0.0 34 

















0.52124E 02 24 0.0 30 0.54124E 02 24 0.0 30 
0.52244r 02 25 0.0 29 0.522442 02 25 0.0 29 
0.52S35E 02 26 0.0 2D 0.528392 02 26 0.0 28 
0.52912E 02 27 0.0 27 0.52912E 02 27 0.0 27 
0.55S03E o 28 0.0 26 0.55803L 02 28 0.0 26 
0.11957E 02 34 0.301782-09 14 0.11957E 02 34 0.870300-07 2 
0.124462 02 35 0.106282-07 I 0.124462 O 35 0.10029E-08 12 
0.16301E 02 36 0.90166E-09 0 0.168012 02 36 0.406(2C-07 3 
C.!72O E 02 37 0.277660-09 15 0.1/309E OZ 37 0.299082-09 19 
0.20952E 02 38 0.45473E-09 11 0.20952C 02 38 -0,94916E-07 1 
0.23372C 02 39 -0.396660-08 2 0.23072c 02 37 0.519262-00 7 
0.2,020E 02 40 0.109340-08 7 0.27020L 02 40 -0.39719L-09 15 
0-91552 02 41 -0.51270E-09 10 0.291552 02 41 -0.38992c-09 36 

















0.327532 02 45 -0.105322-10 22 0.52753E 02 45 0.15097E-09 20 
0.33123E 02 46 -0.13107E-08 6 0.331232 02 4L -0.326892-09 17 

























0.453,12 02 51 10477L-.92 0.4581 02 53 -0.68247C-10 21 
0.51102E 02 52 0.97666E-10 20 0.511022 02 52 -0.483062-00 8 
0.521312E 02 53 0.12516E-12 25 0.52131E 02 53 0.35610E-12 25 
0.5'2272 OZ 54 -0.23330E-12 24 C.522272 02 54 -0,52346C-10 23 
0.594752 02 55 0.355742-11 23 0.594752 02 55 0.96786E-11 24 
0.60748E 02 56 0.85174E-09 9 .607482 02 56 0.616845-08 6 
0.65135E 02 57 -0.315062-09 13 0.65135 02 57 -0.1639E-08 10 
0.67311E 02 58 -0.54158E-10 21 0.67311C 02 58 0.32154E-09 18 

















0.17525E 02 5 0.14315E-09 10 0,175251 02 5 0.0 49 
0.1$133E 02 6 -0.12131E-09 12 0.18133E 02 6 0.0 46 
0.19370E 02 7 0.73646E-11 21 0.19370C 02 7 0.0 47 
0.2 939C 02 8 -0.16838E-09 4 0.229391 02 8 0.0 46 

















0.30096E 02 12 0.269721-12 25 0.30096E 02 12 0.0 42 
0.31603E 02 13 0.250592-10 17 0.31603c 02 13 0.0 41 
0.323345 02 14 0.744585-10 14 0.3238,2 02 14 0.0 40 
0.32729E 02 i5 -0.249405-10 18 0.32729E 02 15 0.0 39 

















0.3Z319E 02 19 0.27157E-09 6 0.38819E 02 19 0.0 35 






































































0.11957E 02 m0.55303t34 0.0 50 0.11957E 02 02 28 34 0 .0 -0.190122-07 26 1 


























































































0.36920E 02 47 0.0 37 0.369201 02 47 0.181665-09 13 
0.3753883 02 4 0.0 36 0.37888E 02 48 0.23379E-08 5 
0.3871E 02 49 0.0 35 0.38371E 02 49 0.736242-ID 15 
0.434652 02 50 0.0 34 0.43468C 02 s0 0.114391-08 9 


































0.65135E O2 57 0.0 27 0.651351 02 57 '0.102632-03 10 
0.67311E 02 58 0.0 26 0.673111 02 58 0.584431-11 23 
POSITION (GYRO) COEFFICIENTS. RESPONSE FROM * 521 INPUT FROM - 5131 POSITION (GYRO) COEFFICIENTS. RESPOISE FRDM * 521 11PUT FRD$ * 5132 
FREQUENCY MODE NO. COEFFICIENT RANK FREQUENCY hOVE NO. COEFFICLE14T RANIK 
0.13764E 02 4 0.10965E-09 17 0.137GE 0z 4 -0.565872-11 41 

















O.Zq439c 02 8 0.11434E-08 8 0.2?939E 02 a -0.27096E-09 17 
0,25796C 02 ? D.2152E-09 15 0.25796C 02 9 -0.37618E-09 14 
0.2570ZE OZ 10 -0.3O26C-09 12 0.28702E 02 10 -0.62198e-09 11 
O.Z94E Q2 11 -3.22957C-08 5 0.269,4C 02 11 -0.17326r-02 S 
0.300)61 02 12 -0.13167E-09 16 0.30096E 02 12 0.10144L-O 9 
0.306031 02 11 -0.25565C-09 13 0.31603C 02 13 -0.1483C-08 7 
0.32354E 02 14 -9.40948E-09 10 0.32384E 02 14 0.2,173Ff-O9 18 
0.32a29E 02 15 -D.3 997C-10 24 0.32729C 02 15 0.24638E-00 33 
0.34836 02 16 -0.4C456E-09 11 0,34336E 02 16 0.46376E-09 13 
0.36572E 02 17 -0.87446E-10 19 0.36578E 02 17 0.371991-09 is 
0.33611F 02 1 -0.94'.00E-08 1 0.38611E 02 18 0.66313-08 3 
0.33519E O 19 -0.16392E-08 6 0.38819C 02 19 0.11114E-09 25 
0.41914E 02 20 -0.12739E-08 7 0.41914E 02 20 0.12901E-09 2z 
0.4822SE 02 21 -0.20877E-10 28 0.48225E 02 21 0.12143E-09 23 
0.4 330E 02 22 -0.13751E-11 4l 0.49330L O 22 -0.58770E-11 40 
0.51462E 02 25 -0.72306E-10 20 0.51462E 02 2 -0,I1 68E-O 
0.5ZI 4E 02 24 -0.51212E-14 49 0.52124E 02 Z4 -0.1l17(O-12 9 
























0.55503E 02 z0 0.6334E-13 4a 0.55003C 02 8 0,12071E-11 47 
D.11957E 02 34 0.22997E-10 27 0,11957E 02 34 0,20433E-10 34 
0.12446E 02 35 0.37659c-00 4 0.12416E 02 35 0.15837E-07 1 
0.16l0IE 02 36 0.727882-10 21 0.16801E 02 36 0.12980E-09 21 
0 17300E 02 37 0.61043E-08 z 0.17309C 02 37 0.3701'L-09 16 
0-20932E 02 30 -0.99120s-11 3z 0.20952C 02 38 0.436092-01 42 
0.23872E 02 39 -0.25269E-09 14 0.238722 02 39 -0.50403c-09 12 
0.27070 02 40 -0.717112-09 9 0.27020E 02 40 -0.229t20-o0 6 
0.29 35E 02 41 -0.38539E-10 23 0.29155E 02 41 -0.19563E-9 19 
0,300481 02 42 0.74985E-12 44 a.3004"E 02 42 0.90104E-11 39 
0.30800E 02 43 0,76828E-11 34 0.30800c 02 43 -O,4r 1-I 36 
0,31635E 0 q4 -0.1'674C-10 30 0.31635C 02 44 0.11752E-09 24 
0.3 753E 02 4s -0.10265E-11 42 0.327531 02 45 -0.29924E-11 63 
0.33123E 02 46 0.35112E-11 37 D.32123E 02 46 -0.32120E-10 32 
0.36020E 02 47 -0.20653c-10 29 0.369202 02 47 0.587342-10 30 

















0.4s3l51E 0 51 0.598oE3811 35 0.45al040 02 51 0.715C7E-O 26 
0.5102E 02 52 -0.96343E-12 43 0.51102E 02 52 -0.18223E-Ll 45 
0.521331 02 53 -0.42752E-12 46 0.52131E 02 53 0.14616E-11 46 
0.5221'c 02 54 -0.22076E-14 50 0.52 27C 02 54 0.5135C-L4 50 
0.59475E 02 55 0.1015SE-10 31 0.59175S 02 55 -0.61992E-10 29 
0.6074SE 02 56 0.881641-11 33 0.60781E 02 56 0.13516E-09 20 
0.65135E 02 57 0.18621E-11 39 0.651352 02 57 0.973675-11 38 
0.67311E 02 58 0.994231-10 10 0.67311E 02 58 0.63949E-09 10 
































0.19370E 02 7 -0.2220,-10 357 
0.2' z9' 0' a -0.7 441E08 1 0.229390 02 8 0.0 46 
0.25796E 02 9 0.26184E-08 5 0.25794C 02 9 0.0 45 
0.28702E 02 10 0.39UB8E-09 15 0.28702E 02 10 0.0 44 
0.28914E 02 11 -0.59363E-09 1i 0.28944E 02 11 0.0 43 
0.30096E 02 12 -0.15733E-11 44 0.30096E 02 12 0.0 42 
0.31603E O 13 -0.700520-10 21 9.31603E 02 13 0.0 1. 
0.32334E 02 14 0.36026E-l0 27 0.323840 02 14 0.0 40 
0.32729F 02 15 -0.15923E-10 36 0.327295 02 15 0.0 39 
0.3A536E 02 16 -0.866'g5E-10 20 0.340336E 02 16 0.0 38 
0.3a578E 02 17 -0.26555E-09 16 0.36578E 02 17 0,0 37 
0.38611C 02 18 -0.22650E-08 6 0.30619E 02 18 0.0 36 
0.36819E 02 19 -0.11666E-08 11 0.38019E 02 19 0.0 35 
.41~1.0 02 20 0.46023E-08 2 0.41914E 02 20 0.0 34 
0.48225E 02 21 -0.15027E-08 a 0.48225E 02 21 0.0 33 
0.49330E 02 22 -0.593202-10 24 0.49330E 02 22 0.0 32 
0.51462E C2 23 0.31030c-l 30 0.51162E 02 23 0.0 31 
0.52124E 02 24 -0.29810lE-12 49 0.52124E 02 24 0.0 30 
0.52244C 02 25 -0.1096e-0ll 46 0.52244E 02 25 0.0 29 
0.52339E 02 26 -0.51949E-12 48 0.52839E 02 26 0.0 28 
0.52912E 02 27 -0.36293E-10 28 0.52912E 02 27 0.0 27 
O.55d03E 02 28 0.338641-11 42 0.S803E 02 20 0.0 26 
S 0.1957E 02 34 -0.12873E-08 9 0.11957E 02 34 0.30834E-08 11 
co 0.12446E 02 35 0.19349E-08 7 0.12446E 02 35 0.91186E-08 6 
0.16801S 02 36 0.65793E-09 13 0.16301E 02 36 -0.10949E-07 
0.17309E 02 37 -0.12617E-08 10 0.17309C 02 37 -0.75214E-08 7 
0.20952E 02 38 -0.11935E-09 17 0.20952C 02 38 0,5915L-07 2 
0.2337,E 02 39 O.brOlE-09 14 0.23372E 02 39 0,2814'E-07 1 
0.27020E 02 40 O.5093SE-10 25 0.270200 02 4O -0 .13876E-07 3 
0.291SE 02 41 -0.27520E-10 31 0.29155E 02 41 -0.4C2079-08 a 
0.30043C 02 42 0.978320-11 37 0.300"E 02 42 -0.65940E-10 21 
0.30800E 02 43 -0.13062E-11 45 0.3800E 02 43 0.91026E-09 I 
0.3163SE 02 44 -0.07602E-10 19 0.306350 02 44 0.29667E-08 12 
0.32753E 02 45 0.70394E-11 39 0,317530 02 45 -0.72809E-ic 2D 
0.33123E 02 46 -0.17295E-11 43 0.33123E 02 46 0,31228E-08 10 
0.36920E 02 4,7 -0.4Z96BE-11 41 0.36920E 02 47 0.32627E-O 9 
0.37638E 02 48 -0.50553E-10 26 0.37888E 02 4a -0.99993r-a 5 
0.33371E 02 49 -0.2q590E-10 33 0.38371E 02 49 0.10900E-08 13 
0.4K6SE 02 50 -0.59407E-10 23 0.43468E 02 50 -0.49376E-10 22 
0.45341E 02 51 -0.54045E-11 40 0.4s8.1E 02 51 0.25523C-09 19 
0.511029 02 52 0.26540E-10 32 0.51102E 02 52 0.3211E-09 18 
0.52131E 02 53 0.71846E-12 47 0.52131C 02 53 0.36297E-12 24 
0.52227E 02 54 0.21890E-12 50 0.522Z7E 02 54 0.23109E-12 25 
0.51475E 02 55 -0.22870E-10 34 0.59475E 02 55 0.5,C000-11 23 
0.6074SE 02 56 0.11589E-09 18 0.60748E 02 56 -0,57329E-09 16 
0.651'5E 02 57 0.31719E-10 29 0.65135E 02 57 0.75666E-09 15 
0.67311E 02 58 -0.69009E-10 22 0.67311C 02 58 0.348262-09 17 
POSITION (GYRO) COEFFICIENTS. RESPONSE FROM 12O762 INPUT FROM 5132 POSITION (GYRO) COEFFICIENTS. RESPONSE FROM * 120762 INPUT FROM - 51 
FREQUENCY NODE NO. COEFFICIENT RANK FREQUENCY MODE NO. COEFFICIENT RANK 
0.137642 02 4 0.0 50 0.13764E 02 4 0.0 50 
0. 17522 0V 5 0.0 49 0.175252 02 5 0.0 49 
0.150335 02 6 0.0 48 0.18133E 02 6 0.0 "8 
0.1937E 02 7 0.0 47 D.193702 02 7 0.0 47 
0.229392 02 8 0.0 46 0.22939E 02 a 0.0 46 
I.25796E 02 9 0.0 45 . 0.25796E 02 9 0.0 45 
C.25702E 02 10 0.0 44 0,287022 02 10 0.0 44 

















0.323845 02 14 0.0 40 0.32384E 02 14 0.0 40 
0.27295 02 15 0.0 39 0.327292 02 15 0.0 39 
0.3433u, 02 16 0.0 38 0.348361 02 16 0.0 3 
0.365782 O 17 0.0 37 0.365781 D2 17 0.0 37 
0.33611E 02 18 0.0 36 0.38611E 02 18 0.0 36 
0.35319E 02 19 0.0 35 0.38819C 02 19 0.0 35 
C.419145 02 20 0.0 34 0.419142 02 20 0.0 34 
C.4S2252 02 21 0.0 33 0.4822SE 02 21 0.0 33 
(.49330E 02 22 0.0 32 0.493352 02 22 0.0 32 
0.51462E 02 23 0.0 31 0.51462E 02 23 0.0 31 
6.3 124E 02 24 O.C 30 0.521245 0z 24 0.0 30 
6.22441 02 25 D.0 29 0.52214 02 25 0.0 29 
-J 0.5253 2 02 26 D.C 28 0.52839E 02 26 0.0 23 
"pc 0.52912E 02 27 D.C 27 0.52912L 02 27 0.0 27 
Lo 0.553032 02 28 0.6 26 0.55803E 02 28 0.0 26 
0.119572 02 34 0.273952-08 14 0.119572 02 34 -0.172592-06 2 
0.12446E 020.16301E 02 3536 0.38306E-07-0.195 2-07 3 a 0.12446E 020.16301C 02 3536 0.46802E-O-0.989775-07 it3 
0.17309E 02 37 -0.456065-09 21 0.17309C 02 37 0.15546E-08 13 
U.20Y521 oz 38 -0.70732E-08 11 0.209522 02 38 0.1935DE-06 1 
0.233732 02 39 0.!,613L-u7 1 0.23372E 02 39 -0.60233E-07 4 
0.27020E 02 40 -0.,4'4672-07 2 0.27020E 02 40 0.905532-09 16 
0.91552 02 41 -0.Z0258E-07 7 0.291552 OZ 41 -0.28189E-08 I? 
0.30048E 02 42 -0.79236E-09 19 0.300482 02 42 -0.860315-09 17 
0,30390E 02 43 -0.16739E-03 17 0.30800E 02 43 -0.150832-09 22 
0.316352 020.31753E OZ 441.5 -0.275082-07-0*21 35-59 5 22 0.31635E 020.327532 02 4445 0.ZC50SE-07 0.49833C-09 519 
0.331232 02 46 -0.235672-07 4 0.331232 02 46 -0.15382E-08 14 
0.36920E 02 47 -0.927582-08 9 0.369205 02 47 0.67881E-09 18 
0.373t3E 02 48 0.23964-07 6 0.37a882 02 48 0.194352-07 6 
0.333712 02 49 0.194012-08 16 0.388712 02 49 0.108452-08 15 
0.43468E 02 50 -0.991302-09 18 0.434682 02 50 0.475992-08 10 
0.458412 02 51 0.30475E-08 13 0.45a412 02 51 -0.23033L-09 21 
0.51102E OZ 52 0.60739E-09 20 0.511022 02 52 -0.884605-08 8 
0.52131C 02 53 -0.124092-11 24 0.521312 02 53 -0.609972-12 25 
0,522272 02 54 -0.52550E-12 25 0.52227E 02 54 -0.25470E-10 23 
0.594752 02 55 -0.33332C-10 23 0.594752 02 55 -0.12299C-10 24 
0.60743E 02 56 -0.878372-08 10 0.607402 02 56 -0.793c02-08 9 
0.651352 02 57 0.395652-08 12 0.651352 02 57 0.128892-07 7 
0.673112 02 58 0.2242-08 15 0.67311E 02 58 -0.241722-09 20 
POSITION (GYRO) COEFFICIENTS. RESPONSE FRDH" 90014 INPUT FROM * 140391 POSITION (GYRO) COEFFICIENTS. RESPONSE FROM t 90015 INPUT FROM * 140391 
FREQUENCY ODE NO. COEFrICItHT RANK FROGUeNCY NODE NO. COEtFICICIT RANI 
0.137640 02 4 0.11014E-09 30 0.13764E 02 4 0.47291E-08 3 
0.175250 02 5 -0.27204E-10 33 (.1752SE 02 5 0,245510-09 13 
0.13133C 02 G 0.89901(-09 15 C.131330 02 6 0.71959E-09 8 
0.19370O 02 7 0.119Z6E-10 39 0.193701 OZ 7 0,23453E-09 14 
0.?29390 02 a 0,39004t-ca 7 0,22939S 02 3 -0.14026-8 5 
0.25796F 02 9 0,87757E-09 16 C.25796S 02 .9 -010676SE-C3 2 
0.287020 02 10 -0,711660-09 19 (.287020 02 10 0.12529E-t8 6 
0.25944E0 02 11 0,20001E-1O 36 (.289440 02 II -0.2770St-09 12 
0.300960 02 12 -0.26426E-09 25 0.30096C 02 12 0.43575-09 9 
0.316030 02 13 0.16800E-10 33 0.316030 02 13 -0.1715tfL-9 15 
0.1 34E0 02 14 -0.188170-08 10 0.323840 02 14 0,726170-C8 1 
0.32729E 02 15 -0.105820-09 31 (.327290 02 15 0.41867E-09 I0 
0.343360 02 16 -0.17219E-10 37 0.34830 02 16 0.8990/-10 17 
0.355763 02 17 0.20355-10 35 0.365780C 02 17 -0,12965E-09 16 
0.336110 02 18 0,67750E11 40 0.38611E 02 18 -0.47162c-10 20 

















0.49330E 02 22 0.25171E-10 34 0.493300 02 z -0.52207E-10 19 
0.51462C 02 23 0.24624E-12 44 0.51442 02 23 0.235710-11 34 
0.5Z1240 02 24 0.271750-14 50 0.521240 02 24 0.381300-13 47 
0.52244E 02 25 0.156800-12 45 0.522440 02 25 0.414370-12 42 
0.523390 02 26 -0.3(782E-14 49 0.52839C 02 26 0.2644CC-12 43 


















0.12416E 02 35 -0.270500-09 26 0.124460 02 35 -. 958140E-3 45 








1 0.173090 02 0.20952C 02 37 38 -0.SB523E-13 0.15r361-10 46 pl. 

















0.30043E 02 4z -0.11,5000-09 27 0.30041C 02 42 -0.102917L-12 44 
0.30500E 02 4Z -0.10833-08 14 0.30800E 02 43 -0,11731E-11 39 
0,316350 02 44 -0.58241E-08 4 0.116350 02 44 -0.99361E-11 26 
0,32753E 02 45 -0.30673E-09 24 0.327530 02 45 -0.820IE-12 40 
0.331230 02 46 -0.480710-09 20 0.33123E 02 46 -0.16877E-11 35 
0.36920E 02 47 -0.12 503-08 13 0.369200 02 47 -0.42620C-12 41 

















0.45801 02 51 0.12420E-03 12 0,4501E 02 51 0.437882-11 30 
0.5100l0 02 5 0.825331-09 13 0.511020 02 5z 0.116900-10 25 

































0.673110 02 58 0.36610E-09 23 0.673112 02 s 0.149390-11 38 
POSITION (GYRO) COEFFICIENTS. RCSPNSE FRDH * 90016 INPUT FROMt 160391 POSITION (GYRO) COErFICICHTS. RCSP0SC FROM 90014 INPUT FRDM 140392 
FREQUENCY MOE NO, COEFFICIENT RANK FREQUENCY MODE NO. COEFFICIENT RANK 
0.137642 02 4 -0.32747E-10 29 0.13764. 02 4 -0.29623E-12 40 
0.17525E O 5 0.15130c-10 32 0.17525C 02 5 0.75436E-13 43 
OIB133E 02 & -0.32730E-09 13 0.18133E 02 6 0.10465E-11 38 
0.19370E 02 7 -0.33307E-11 40 0.19370t 02 7 -0.73235E-13 44 
0,293E 0 6 -0.9!4980-09 5
.2S796E OZ. -0.27926-09 17 0.22939C 02 8 -3.12610E-10 288.796t02 9 -0.19643E-11 33 
0.2$702E 02 10 .'31031E-09 14 O.Z8702C 02 10 -0.1969E-10 27 
O.2B944E 02 11 -0.41093E-11 39 0*?117', 02 11 0.4W008-13 45 
0.30096E 02 1 0.134-09 22 0.30096t 02 12 -0.369E-11 31 
0.31603E 02 13 -0.46873E-11 30 0.31603E Oz 13 -0.2qO53E-12 41 
0.32I3 4E O 14 0.87960E-09 6 B.123C E n2 I -. 25315C-1Q ZA 
0.3,729E 02 15 0.50249E-10 27 0.32729E 0Z 15 -.. 12Z411E-l 35 
0.34836E OZ 16 0.46047L-11 33 0.3 &36E 02 16 0.24695-13 47 
0,36578 02 17 -0.6305E-11 35 0.36573C 02 17 0.283362-11 32 
0.35611E OZ 15 -, 53u07c-11 41 0.30411[ 02 10 0.1571',-10 Z6 
0,35"19E 02 19 -0.24713L-11 42 0.38419C 02 19 0.436971-11 30 
0.41914Z 02 20 -O.GO669E-11 36 0.4,914 02 20 0.198773-10 25 
0.432258 02 21 0,133352-I0 30 0.492208 02 21 -0.32349L-12 39 
0,49330L O 22 -0.112E-341 37 0.49330E D2 22 0,4511b5-11 29 
OS0462E 02 23 -0.617SIE-13 47 0.51462E 02 23 -0,27592S-13 46 
.521242 02 24 -0.59501E-15 so 0.52124c 12 24 0.B29801-16 s0 
0.52244 02 25 0.10692C-12 46 0.52244E 02 25 0.74,56C-14 48 
O.5235t8 02 24 0.21358E-13 49 0.52839E 02 26 0.144700-15 49 
- 0.52912E 02 27 0.716001-11 34 0.52912C 02 27 0.11112c-11 36 
0.55301E 02 25 -0.77684E-12 44 0.550038 02 28 0.13023r-12 42 
0.11957E 02 34 -0.659SLE-09 9 0.11957E 12 34 -0.53912E-07 1 
0.12446F 02 35 -0,3484SE-09 12 0.12446E 0 35 0.26225E-08 18 
0.I300E 02 36 -0.7304E-09 8 0.168O1E 02 36 -O.Z667E-07 6 
0.17309E 02 37 -0.3898ZE-09 11 0.17309C 0 37 -0.2982E-09 21 
0.2952E 02 38 -0.16731E-08 30.072E 02 39 -0,37394E-03 I 0,20952E 02 38 0.27SIE-07 50.2372E 02 39 0.22489-07 7 
0,272C0E 02 40 -0,159601-09 21 0.27020E 02 40 0.110/2-07 11 
0.2915SE O 41 0,86840E-10 Z4 0.2915E O 41 0.22333E-08 19 
0.30048E 02 42 -0,47319C-10 8 0.30U48E O 42 0.269042-08 16 
,3030QE 02 43 -0,2126E-09 19 0.30900E o2 43 0.202?ir-07 9 
0.3163Sc O 44 -0.13408E-08 4 .31035E u 4 0.52002C-07 2 
0.32754E 02 45 -0.567298-10 26 0.3753E 02 45 0.47621-09 22 
0,33123E 02 46 -0.11529E-09 23 0.53123C 02 46 0.198743-08 20 
0.36920E 02 47 -0.2',445-09 18 0.36790E 02 47 0.11376C-07 10 
0.31"1 02 48 -0.2070E-Od 70.1 50&E 02 48 0.43469E-07 3 
0.33671E OZ 49 -0,61339E-10 25 0.3851E 02 49 -0.416IIE-O3 14 
0.43460E 02 50 -0.10355E-09 ?0 C.43466C 02 50 -0..419c-I0 15 
0.41541E O 51 -0,6369E-09 10 0.453418 02 51 -0.90504E-08 12 
0,5110 2 o 52 0,29211E-09 15 0.511020 32 52 -0.Z0685C-07 0 
0.5ZI31E 0 53 -0.31905E-13 48 0.52131u 02 53 0.03&67C-11 34 
0.52- 7E O 54 -0.110?OF-11 43 0.52227L 02 54 -0.33175E-10 23 
0.594750 OZ 55 -0.45957C-12 4 0.59475E 02 55 -o.I07SE- 37 
0.60748E O 56 -2.28II1E-0902 0.60748E 02 86 -0.29537E-07 4 
0.6513S5E O 57 -0.82392e-09 7 8.4513s 02 57 0.26692E-08 17 
0.6)3110 e 5 0.159250-10 31 0.67311E 02 S8 -0.41637E-08 13 









































I 22919F 02 
0.25796E 02 
.2D370!E 02 




























0.30096C 0202 1215 0.56625E-11 3033 
0.30096C0,3mEO.Z16(3C 0202 1213 D.17470E-11 0.67110E-13 2941 
0.323340 02 14 0.97695E-10 7 0.32724 02 14 0.11834-12 23 



















































0.49330E 02 22 -0.935730-11 26 0.493300 02 22 -0.899830-12 32 
0.51462E 02 23 -0.24171E-12 43 0.51462 02 23 0.691094-14 47 
3.521240 02 24 0.11643E-14 50 0.52124E 02 2" -9.18169k-16 50 





















































0.17365E 02 37 0.40789E-12 41 0.17309E 02 37 0:27169E-08 11 































0.30043E 02 42 0.14140-11 55 0.300480 02 42 0.520301-09 17 
0.338000 02 43 0.219530-10 19 0.30800E 02 43 0.40847E-08 a 
O 31435E 02 44 0.337170-10 9 0.31635C 02 44 0.11969C-07 3 
0.327330 02 45 0.12793L-1 36 0,327530 02 45 0.BC074E-10 22 
0.33123E 02 46 0.780420-11 20 0.33123E 02 46 0.4766E-09 18 m 
0.369200 02 47 0.395782-11 32 0.369200 02 47 0.254890-08 12 
0.37604104OI8EOR 02 0.148909 48O .109c31-07 2 
0.336710 02 49 0.10690-10 25 0.380710 02 49 0.300390-09 20 0 
0.4346E 02 50 0.21963E-10 08 0.431630 02 s0 D.11800-08 15 
0.458410 02 51 -0.34728E-10 11 0.45610 02 51 0.4 464E-08 6 
0.5110,E 02 52 -0.292900-09 z 0.511020 02 52 -0.732100-08 5 
0.521310 02 53 -0.494170-14 48 0.521310 02 53 0.22908E-12 38 

















0.651352 02 57 0.376380-10 10 0.65135E 02 57 0.169100-0 14 
0,67311E 02 58 -0.16990E-10 22 0.67311E 02 s0 0.18112E-09 21 
POSITION (GYRO) COEFFICIENTS. RESPONSE FRD1 10014 INPUT FROM - 140393 POSITION (GYRO) COEFFICIENTS. RESPONSE FRO M 90015 INPUT F20M 140393 
FREQUENCY ODE NO. COEFFICIENT RINK 
0.13764E 02 4 -0.18597E-09 28 
FREQUENCY MODE NO. COEFFICIENT 
0.137642 02 4 -0.79703E-08 
RANK 
1 
0.17525E 02 5 0.4454A2-10 35 0.17525C 02 5 -0.,0199E-09 13 
0.18133E 02 6 0.20742C-09 27 0.13133C 02 6 0.1660,E-09 18 
0.19370E 02 7 -0.28793E-10 37 0.1)370E 02 7 -0.56633E-09 11 
L.2Z539E 02 8 -0.24223E-08 ]0 
0.25796E 02 9 -0.21243E-09 26 
0.22939e 02 . 0.1132E-00 
0.25796C 02 9 0.12051E-08 
8 
7 
0.23702E 02 10 -0.90792E-09 19 
0.25944E 02 11 0037.6E-11 4z 
0.28702E 02 10 OA1901E-Os 
0.2894E 02 11 -051901E-10 
6 
20 
0.30076E 02 12 -0.10523E-09 29 0.30096E 02 12 0.283952-09 14 
0t31603E 02 13 -0.12397E-10 39 0.31603E 02 13 0,12917E-09 19 
0.323e4E 02 14 -0.97569E-09 17 0.32384E 02 04 0.37653E-05 2 
0.3Z729E 02 13 -0.43886E-10 36 0.3Z729E OZ 15 0.1736qE-09 17 
0.34536E 02 16 0.36221E-11 43 0.31836C 02 16 -O.03080E-bo 26 
0.36578E 02 17 D.12395E-09 3O- 0.365782 02 17 -0.7950E-09 9 
0.35611E 02 13 0.33237E-09 23 0.38611C 02 18 -0.23137E-08 5 
0.33839E 02 19 0.82110E-10 32 0.38819E O 19 0.3143E-08 q 
0.41912E 02 20 0.21910E-09 25 0.419 4 02 20 -0.33607E-03 3 
0.43225E 02 21 0.29893E-11 44 0.48225E 02 21 0.22083E-09 15 
0.49330E 02 22 -0.18504E-11 46 0.493302 02 2 0.38373E-11 38 
0.514 2E 02 23 -0.72615E-10 34 0.51462C 02 23 -0.63613C-09 10 
0.520242 02 24 -0.87045E-1' 1.9 0.52124E 02 21. -8.12214E-12 4s 
0.52214F 02 25 -0.31812E-12 47 0.522442 02 25 -0.84192E-12 40 
(,l 
0.52339E 02 26 0.65605E-14 so0.51912E a, 0.91193E-11 "a 
0.55803E 0z 23 -0.223OE-09 24 
0.528392 02 26 -0.56367E-1207.S29g2 02 27 -0.20202E-07 




w. 0.119579 02 34 0.12066-07 4 0.11957e 02 34 -0.66875E-11 30 
0.12416E 02 is 9,124
D.166011 02 36 0.2329UE-07 L 
6E 02 35 0.4310.E-13 
0. 1 801C 02 36 -0.17920E-|0 47 Z7 
0.17309C 02 37 0.72892E-10 330.20952E 02 38 0.17018E-07 2 0.17309E 02 37 -0.358292-130.20952C 02 38 -0.18937E-10 4825 
0.23572E 02 39 -0.5678E-08 7 
0.2702 E 02 30 -B.64lE-08 9 
0.23872[ 02 39 0.24629E-I 
0.27020C 02 40 0.53610E-11 
24 
34 
0.2905 02 40 0.1845-08 11 0.29155E 02 41 0.664532-11 N2 
0.3004SE 02 4z 0.54588E-09 22. 0.30048E 02 42 0.28780E-12 42 
0.308OE 02 43 0.39955E-08 8 0.3080E 02 43 0.43267E-11 36 
0.31635E 02 44 0.114906-07 3 0.31635C 02 44 0.2542)E-10 Z3 
0.32753E 02 4s 0.13744E-08 15 0.327532 02 45 0.36927F-11 39 
0.3312S3E 02 46 0.17060E-08 13 0.33123E 02 46 0.6699LE-11 29 
0.3s920E 02 47 0.76701E-09 21 
0.37 02911110 50.37488 
0.36920C 02 47 0.26605E-12 
02 "3 0.3i063c- o 
43 
Z2 
0.33871C 02 49 -0.18498e-08 12 0.38871E D2 49 0.49208E-11 35 
0.43465S 02 50 -0.86076C-09 20 0.431(8E 02 so 0.66522E-11 31 
0.45341E 02 51 -0.11521E-08 16 0.45841L 02 51 -0.406162-l 37 
0.51102E 02 52 0.91607E-09 1 0.51102E 02 52 0.134002-10 23 
0.52131E 02 53 D.a80 32E-13 4a 0.52131E 02 53 -0.31325E-15 50 
0.52227E 02 54 0.74392E-11 41 0.52227E 02 54 0.63855E-13 46 
0.59475E D2 55 -0.18655E-11 45 0.594752 0Z 55 -0.541692-14 49 
0.60743E 02 56 -0.90503E-08 6 0.60748 02 56 -0.373952-10 21 
0.6513SE 02 57 -0.163762-10 38 0.651352 02 57 -0.2380&E-12 44 
0.67311S 02 58 -0.15182E-08 14 0.67311E 02 58 -0.61953E-11 33 
POSITION (GYRO) COEFFICIENTS. RESPONSE FROM 90016 INPUT FROM = 140393 POSITION (GYRO) COEFFICIENTS. RESPONSE FROM - 90054 IIPUT FP0 140391
 
FREQUENCY NODE NO, COEFFICIENT RANK FREQUENCY MODE NO. COEFFICIENT RANK 
0.13764E 02 4 0.551910-10 30 0.13764E 02 4 0.0 50 
0.175252 02 5 -0,25346E-10 32 0.175252 02 5 0.0 49 
0.18133E 02 6 -0.75522E-10 27 0.18133E 02 6 0.0 48 
0.19370E 02 7 0.9zE805-11 38 0.19370E 02 7 0.0 47 
0.22939E 02 8 0.73863E-09 9 0.P29390 02 . 8 0.0 46 
0.25796E 02 9 0.67603E-10 28 0.25796E 02 9 0.0 45 
O.2 702E 02 i0 0.395892-09 13 0,287D2E 02 10 0.0 44 
0.28944E 02 11 -0.76981E-12 44 0.28944E 02 11 0.0 43 
0.300962 02 12 0.87605C-10 26 0.30096E 02 12 0.0 42 
0.31603E 02 13 0.34537E-11 41 0.31603E 02 13 0.0 1 
0.323342 02 14 0.456092-09 11 0.32334E 02 14 0.0 40 
0.32729E 02 15 0.2084OF-10 33 0.32729& 02 15 0.0 39 
0.348362 02 16 -O.18169E-21 43 0.34,036 02 16 0.0 38 
0.365732 02 17 -0.41777E-10 31 0.36578C 02 17 0.0 37 
0.336112 02 18 -0.12415E-09 22 0.38611E 02 18 0.0 36 
0. 3529E 02 39 -0.748501-11 39 0.388192 02 19 0.0 35 
0.41914C 02 20 -0.584990-11 40 0.419142 02 20 0.0 34 
0. 82255 02 21 -0.10298E-10 37 0.48225E 02 21 0.0 33 
0.493301 02 22 0.36906E-12 45 0.49350E 02 22 0.0 32 
0.514&622 02 23 0.182101-0 35 0.51462E 02 23 0.0 30 
0.52124E 02 24 0.19059E-14 50 0.52124E 02 24 0.0 30 
0.522442 02 25 -0.21692E-12 47 0.52214E 02 25 0.0 29 
0.52539E 02 26 -0.45519E-13 48 0.52839E 02 26 0.0 25 
0.52912E 02 27 -0.183032-10 34 0.529122 02 27 0.0 27 
0.55303E 02 23 0.11016E-09 2. 0.558032 02 28 0.0 26 
31 0.11957C 02 34 -0.26752E-08 A 0.11957E 02 3', 0.29742E-08 7 
0.1244E 02 35 0.15670E-09 20 0.12446E 02 35 -0.26881E-09 20 
0.16301E 02 36 0.24780C-08 5 0.168012 02 36 -0.683558-08 2 
0273092 02 37 -0.238652-09 18 0.173092 02 37 0.12320C-09 22 
... 52E 32 38 0.20888E-08 & 0.209522 02 38 -0.13553E-07 1 
0.23072C 02 39 -0.37097C-0O 1 0.23072E 02 39 -0,547520-08 5 
0.270Z0E 02 40 -0.115712-09 23 0.270202 02 40 -0.33492E-03 6 
0.291552 02 41 0.38469E-09 14 0.291552 02 41 0.425601-09 17 
0.3004E 02 42 0.10557E-09 25 0.00 .E 02 (2 -0.243601-09 21 
0.30300E 02 43 0.10502E-09 8 0.30800E 02 43 -0.107880-08 12 
0.316352 02 44 0.3430E-08 2 0.31635 02 4 -0.579090-08 4 
0.32753E 02 45 0.254231-09 17 0.327532 02 45 -0.30613E-09 1) 
0.331235 02 46 0.4091B0-09 12 0.33123E 02 46 -0.48016E-09 15 

















0.434632 02 5o 0.36889E-09 13 0.43468E 02 50 0.44221E-09 16 
0.453 1E 02 51 0.57851E-09 10 0.,5841E 02 51 0.12633r-08 10 
0.51102E 02 52 0.33484E-09 16 0.511022 02 52 0.77632C-f9 04 
0.521312 02 53 0.145222-13 49 0.521312 02 53 -0.197151-12 25 
0.522272 02 54 0.195402-11 42 0.522272 02 54 -0.40729E-11 23 
0.59475E 02 55 -0.29050E-12 46 0.59475E 02 55 -0.30310E-11 24 
0.60740 02 56 -0.130312-0 7 0.60748E 02 56 -0.19340E-08 3 
0.65135E 02 57 -0.10695E-10 36 0.651352 02 57 -0.129771-08 9 
0.67311E 02 58 -0.66043E-10 29 0.67311E 02 58 0.36127E-09 13 
POSITION (GYRO) COEFFICIENTS. RESPONSE FROM= 90055 INPUT FROM = 140391 POSITION (GYRO) COEFFICIENTS. RESPONSE FROM 90056 INPUT FPM 140391
 
FREQUENCY MODE NO. COEFFICIENT RANK FREQUENCY ODE NO. COEFFICIENT RANK 
0.13764E OZ 4 0.46697E-a 3 0.13764E 02 4 0,0 50 
0.17525E 02 5 0.25007E-09 13 0.17525E 02 5 0.0 49 
0.13113E 02 6 0.47292E-09 9 0.11133E D2 6 0.0 48 
0.19370E 02 7 0.2206E-09 14 0.19370E DZ2 7 0.0 47 
0.22939E 02 8 -0.22631c-08 5 0.22939E D2 . 8 0.0 46 
0.25796E oz 9 -0.51315E-08 2 0.25796L 0Z 9 0.0 45 
0.28702E 02 10 0.14537E-08 6 0.28172 02 10 0.0 44 
0.23944E 02 11 -0.27561E-09 12 0.289449 32 11 O.0 41 
0.30076E 02 12 0.51840E-09 8 0.30O96E 02 12 0.0 42 
0.31603E 02 13 -0.17571E-09 15 0.31603E 02 13 0.0 41 
0 32334E 02 14 0.76696E-08 1 0.32384E 02 14 0.0 40 
U.32729E 0Z 15 0.q4065E-09 10 0.3Z729E 02 15 0.0 39 
0.34536E 02 16 0.91353-10 17 0.134036E 02 16 0.0 38 
0.36573E 02 17 -0.12573E-09 16 0.36578E 02 17 0.0 . 37 
0.33611E 02 18 -0.42456E-10 20 0.3G611E 02 18 0.0 36 
0.33819E 02 19 0.11276E-08 7 0.38819E U2 19 0.0 35 
0.41914E 02 20 -0.313131-03 4 0.41914E 02 20 0.0 34 
0.43Z25E 02 21 -0 3316,E-09 11 0.482E5E 02 21 0.0 33 
0.49330E 02 22 -0.51.962E-10 19 0.49330E 02 22 0.0 32 
0.5146EE 02 23 0.21012E-ll 21 0.514621 02 23 0.0 31 
0,52124E 02 24 0.36659E-13 25 0.52124E 02 24 0.0 30 
0.52244E 02 22 0.70360-12 23 0.52244E 02 25 0.0 29 
0,52339E 02 26 0.2549E-12 24 0.52839E 02 26 0.0 28 
0.5291ZE 02 27 0.879731-10 10 0.529E 02 27 0.0 27 
0.55303E 02 28 0.20508E-11 22 0.55803E 02 28 0.0 26 
m 0.11957E 02 34 0.0 so 0.11957E 02 34 -0.64973E-09 7 
0.12446E 02 35 0.0 49 0.1244E 02 35 -0.34804E-09 10 
0.16Oe 02 36 0.0 48 0.16801E 02 36 -0.76834E-09 5 
0.17309E 02 37 0.0 q7 0.17309E 0Z 37 -0.38986E-09 9 
C,951E oz 38 0.0 46 0.20952E uz 38 -0.177700-08 3 
023372E 02 39 0.0 45 0.23872E 02 39 -0.3886E-08 1 
0.2702E 02 40 0.0 44 0.27020E 02 40 -9.20434E-09 15 
0.29155E 02 41 0.0 43 0.2915EE 02 41 D.78714E-10 18 
0.30043E 02 42 O. 42 0.30048E 02 42 -0.4 6853E-lO 21 
0.30300E Oz 43 0.0 41 0.30800E 02 43 -0.21248E-9 14 
0.31635E 02 44 0.0 40 0.31635E 02 44 -0.12046c-00 4 
0.32753E 02 45 0.0 39 0.327S32 02 45 -o. r061lr-lO 19 
0. "1'3E 02 46 0.0 sa 0.33123E 02 46 -0.10366E-09 17 
0.36920E 02 47 0.0 37 0.36920E 02 47 -0.272953-39 11 
0.373SEe 02 48 0.0 36 0.378088E 02 4B -0.19505c-u8 2 
0.33871E 02 49 0.0 35 0.38071E 02 49 -0.480302-lo 20 
0.43468E 02 50 0.0 34 0.43468E 02 50 -0.164432-09 16 
0.45841E 02 51 0.0 33 0.45841E 02 51 -0.62921E-09 8 
0.511021 02 52 0.0 32 0.51102E 02 52 0.22859E-D9 13 
0.52131E 02 53 0.0 31 0.52131E 02 53 -0.340602-13 25 
0.52227E U2 54 0.0 30 0.52227E 02 54 -0.9066c-12 23 
0.5-475E 02 55 0.0 29 0.59475C oz 55 -0.424642-02 24 
0.60743E 02 56 0.0 28 0.607489 02 56 -0. 228999-09 12 
0,65135E 02 57 0.0 27 0.65135E 02 57 -0.71457E-D9 6 
0.67311E 02 58 0.0 26 0.67311E 02 58 0.656662-11 22 















































































































































































































































































































































































































POSITION (GYRO) COEFFICIENTS. RESPONSE FODM - 90056 INPUT FROM 140392 POSITION (GYRO) COEFFICIENTS. RESPONSE FROM 
.1 
90054 INPUT FROM 140393 
FREQUENCY MODE NO. COEFFICIENT RANK FREQUeNCY MODE NO. COEFFICIENT RANK 
0.137.4E 02 4 0.0 50 0.137640 02 4 0.0 50 
0.17525S 02 5 0.0 49 0.17525E 02 5 0.0 49 
0.13133E 02 6 0.0 48 0.10133E O 6 0.0 40 
0.19370E 02 7 0.0 47 0.19370E 02 7 0.0 47 
0.22939E 02 8 0.0 46 0.229390 02 a 0.0 46 
0,257960 02 9 0.0 45 0.257960 02 9 0.0 45 
0.2370ZE 02 10 0.0 44 0.287020 02 10 0.0 44 
0.219449 02 11 0.0 43 0.239440 02 11 0.0 43 
0.30096E 02 12 0.0 42 0.300960 02 12 0.0 42 
0.31603E 02 13 0.0 41 0.316031 0Z 13 0.0 41 
'0.32331E 02 14 0.0 40 0.3 3840 02 14 0.0 40 
0.327291 02 15 0.0 39 0.32729C 02 15 0.0 -39 
0.34336E 02 16 0.0 38 0.3418360 02 16 0.0 38 
0.3573E 02 17 0.0 37 0.36578E 02 17 0.0 37 
0.38410 02 1s 0.0 36 0,33611E 02 18 0.0 16 
0.33339E 02 19 0.0 35 0.336819 02 19 0.0 35 
0.41914E 02 20 0.0 34 041911PE 02 20 0.0 34 
0.43125E 02 21 0.0 33 0.4o821 O 21 0.0 33 
0.'.93300 02 22 0.0 32 0.493300 02 22 0,0 32 
0. 54621 02 23 0.0 31 0.51462E 02 23 0.0 31 
0.5Z124C 02 24 0.0 30 0,521240 02 24 0.0 30 
0.4 244E 02 25 0.0 29 0.5224 4 02 25 0.0 29 
0,531392 02 26 0.0 28 0.52839C 02 26 0.0 28 
0.5,912E 02 27 0.0 27 0.529120 02 27 0.0 27 
0.55303E 02 28 0.0 26 0.55803[ 02 28 0.0 26 
0.119570 0 34 0.11769E-07 3 
0.1-44&E 02 35 0,337432-00 10 
0.16$501E 02 36 -0.25368E-08 12 
0.11957E 02 34 0.12)581-07 4 
0.124462 02 35 0.12)89E-09 20 
0.168011 02 36 0.23189E-07 1 
0.17309E 02 37 0,27172E-08 11 0.17309E 02 37 0.754241-10 21 
, J04 3. 0,357180-0 B 0.20952 02 30 0,169201E-07 2 
0.23572C 02 39 0.154060-07 1 0.238721 02 39 -0.55489E-08 7 
0.270200 02 40 0.6610E-09 16 0.27020E 02 40 -0.24283E-08 9 
0.29155E 02 41 0.41326E-09 19 0.29135 02 "1 0.18r53E-08 10 
0.300450 02 42 0.5145,E-09 17 0.30040L 02 42 0.5,270C-09 19 
0.30S00 02 43 0.39765F-03 7 0.33000C 02 43 0.397900-08 8 
0.316350 02 44 0,114700-07 4 0.31635E 02 44 0.14820-07 3 
0.32753E 02 45 0.802210-10 21 0.3Z7531 02 45 0.13719E-OC 14 
0.33123C 02 46 0.42850E-09 18 0.33123E 02 46 0.17040e-O 12 
0.36920E 02 47 0.25347E-08 13 0.369200'02 47 0.76059E-09 10 
0.373551 02 43 0.13277-07 2 0.37888E 02 48 0.102940-07 S 
0.3B57IE 02 49 OZ3522E-09 20 0.35371E 02 49 -0.18557E-08 11 
0.41368S 02 50 0.109110-08 15 0.434630 02 50 -0.88876E-09 17 
0.45341E 02 51 0.49903E-08 6 0.45841C 02 51 -0.11713E-00 15 
0.51102E 02 52 -0.57291E-08 5 0.511020 02 52 0.88989c-09 16 
0.521)31E Z 55 0.24394E-12 24 0.52131E O 53 0.89507E-13 25 
0.522272 02 54 -0.812492-11 23 0.52227E 02 54 0.71759F-11 23 
0.59475E 02 55 -0.146 r-12 25 0.59475L 02 55 -0.185/1"Il 24 
0.607ABE 02 56 -0.346441-08 9 0.607180 02 56 -0.0965-008 6 
0.65135C O 57 0.14666E-08 14 0.65135E 02 57 -0.16846E-10 2z 
0.67311F 02 53 -0.74683E-10 22 0.673100 02 58 -0.149B2E-08 13 
POSITION (GYRO) COEFFICIENTS. RESPONSE FROM U 90055 INPUT FROM * 1A0393 POSITION (GYRO) COEFFICIENTS. RESPONSE FROM * 90056 INPUT FPDM = 140353 
FREQUENCY MODE NO. COEFFICIENT RANK FREQUENCY MODE NO, COEFFICIENT RANK 
0.13764E 02 4 -0.75702E-03 1 0.13764E 02 4 0.0 50 
0.17525E 02 5 -0.40946E-09 12 0.175252 02 5 0.0 49 
0.15133E 02 6 0.10912E-09 19 0.13133E 02 6 0.0 40 
0.19370E 02 7 -0.55058E-U9 11 0.19370E 02 7 0.0 47 
0.22939C 02 8 0.15271E-08 7 0.22939E 02 8 0.0 46 
0.25796E 02 9 0.12422E-08 8 0.25796E 02 9 0.0 45 
0.2S702t 02 10 D.13546E-0S 6 0.207024 02 10 0.0 44 
0.26144E 02 11 -0.51631E-10 20 0.28944E 02 11 0.0 43 
0.300960 02 12 0.33780E-09 13 0.30096L 02 12 0.0 42 

















0.34336E 02 16 -0.19183E-10 21 0.31836E 02 16 0.0 30 
0.36578E 02 17 -0.76563-09 9 0.36578E 02 17 0.0 37 
0.33611E 02 18 , -0.20829E-08 5 0.38611E 02 18 0.0 36 


































0.52244E 02 25 -(.142750-11 23 0.52214E 02 25 0.0 29 
0.52&3E 02 26 -0.62764E-12 24 (.52839E 02 26 0.0 28 


















0.12;46C C2 35 0.0 49 0.12446E 02 35 0.15652E-09 17 
0.16501E (2 36 0.0 18 0.16801C 02 36 0.26066C-08 5 


















0 27020E 02 40 (.0 44 0.27020E 02 40 -0.1.8152-09 18 

























































0.43463E 02 so 0.0 34 0.,3468E 02 50 0.33048E-09 12 



















0.52227. 02 54 0.0 30 0.52227E 02 54 0.15833E-11 23 
0.59475E 02 55 0.0 29 0.594752 02 55 -0.25197C-12 24 
0.607-48 02 56 0.0 23 0.60746C 02 56 -0.0615E-08 7 
0,65135E 02 57 0.0 27 0.65135E 02 57 -0.92758E-11 22 
0,67311E 02 58 0.0 26 0.67311E 02 58 -0.27232E-10 21 
- 521 INPUT FROM 140392FROM 521 INPUT FRIM 1 POSITION (GYRO) COEFFICIENTS. RESPONSE FROM
40391













































































































































































































0 .11957E 02 
0.12446E 02 
0.165012 02 




















































































0.316352 02 44 0.571072-10 25 0.316356 02 44 -0.50989E-09 12 
0.32753E 02 45 -fl.14275E-l 37 0.3275SE 02 45 0.221621-10 30 




























































































POSITION CGyRO) COEFFICIENTS, RESPONSE FRO M 521 INPUT FHM 140393 POSITION (GYRO) COEFFICIENTS. RESPONSE FROM 220762 INPUT FROM 
- 140391 
FR"EqUNCV MODE NO. COEFFICIENT RANK FREqicNCY ODE [o. COEFFICE14T RANK 
0.13764E 02 4 72 4 0319-s0.301391-08 70.13761E70.1725 0202 45 0.0.  5049 
0.17525E8133  0202 56 -0,1182EE-07-0.8164 -1i 1140 017525 

































0.3D05E D, 12 












0.31603E 02 13 0.35124Q-09 T 0.323B42 02 14 0.0 40 
0.32334E 02 14 c.19669E-08 9 0,32729E 02 15 01 39 
0,327 9E 02 15 6.11665E-09 23 0.31036C 0? , 16 0.0 30 



















O.3 19E 02 19 -0.1467DE-07 2 0.14 02 20 0.0 34 
0.41914E 02 20 -0.76536E-08 5 0."1224 02 20 0.0 34 
0.3225E 020.493302 02 21 22 0.461561-09 0.34624-11 164 0.432252 020,49330C O2 2122 0.00.0 3232 
6.51462E 02 23 -0.00645-09 12 0.521 Z4 02 24 0.0 30 
0.5214 02 24 0.94533e-13 49 .52Z4E 02 25 04 29 
0.52244E 02 25 0.32224C-11 45 0.52844E O 26 O. 29 














0.0 26 2a 
as 0.11957E 02 364  343 -0.17835E-092332320Q  242 0.1Z9571E12462 02 35 -0.5,58E-O0-0.12 ' -08 15 


























.00 270206 D2 0,2915SE 0a 
















0.30048E 02 42 -0.910060.-U 38 0,30800E 02 43 -0.2995UE-D 11 
0.303001 021 












-0. 2259 -0 3
-0.225942-08 1713 
0.33103 02 46 0.90156341- 3 0.36920C 02 47 -i.t1990-01 
3.3s5202 02 47 -Q4921L 0.3780C 02 48 06ale? 4 
0.37553 02 48 -0.6803E-10 31 0,378e0?o 9 -O,7074E-D9 15 












U15a z0.45110E 02 







o 51131! 01 53 0.1005E-42 48 0,522272 02 54 -0.198102-11 24 
D.52227E 02 54 -0.34120E-13 so 0.59470 02 55 0.397873-1 23 
0.39475E 02 

















0.65135E 02 57 0.28667E-12 47 0.67111 02 52 0.2770-09 2 
0.67311C 02 58 0.3215E6-09 19 U.67311E 02 se -0.2726DE-09 22 


























































































0.32334E 02 14 0.0 40 0.32384E 02 14 0.0 40 
0.327Z9E OZ 15 0.0 39 0.32729C 02 15 0.0 39 
































































































.16a8011 O 36 0.549351-07 7 0.16801E 02 36 -0.56.46E-07 1 
0.173090 02 37 -0.44431E-08 18 0.17309E 02 37 0.392040-09 21 
0.20952E 02 38 -0.558692-07 6 0.20952E 02 38 -0.34509E-07 3 

























0.30300E 02 43 0.56050E-07 5 0.308OE 02 43 0.110460-07 8 
0.51635E 02 44 0.11935-06 2 0.316350 02 44 0.34210-07 4 
0.32753E 02 45 0.156&9E-03 22 0.32153C 02 45 0.152a6c-0o 12 
0.331231 02 46 0.931102-00 16 0.33123E 02 46 0.80183E-08 10 
0.35-20E 02 47 0.94713E-03 i3 0.36920E 02 47 0.63859C-09 19 
0.37836E 02 43 0.11037E-06 3 0.370001 OZ 48 0.264512-07 5 
0.38711 02 49 0.36113-08 20 0.38871E 02 49 0.15403E-8 15 




































0.60748E 02 56 0.35748C-07 8 0.60748 02 56 0,10953E-07 9 
0.651351 02 57 -0.18417E-07 12 0.65135E 02 57 0.11649E-09 22 
0,67311E 02 53 0.30890E-O 21 0.67311E 02 5 0,11264C-08 17 
5.0 CRITICAL RESONANCES FROM REALISTIC MODELS
 
The-determination of critical resonances for the realistic Space Shuttle
 
model at liftoff, max q and SRB cutoff was accomplished by calculating
 
structural admittances for each of the input/response pairs previously
 
identified in Table 4-1 using postprocessor Option 6.
 
5.1 SELECTION OF ANALYSIS FREQUENCIES
 
Ingeneral, the admittance peaks do not occur at modal frequencies. For
 
example, the peak displacement admittance for a damped single degree-of­
freedom system occurs at a frequency g = IV and the acceleration
 
/admittance peak occurs at s=e AT r where w is the modal frequency and 
C is the equivalent modal viscous damping ratio. For a multi-degree-of­
freedom system, the proximity of other modes causes further shifts in peak
 
resonances, particularly when modal coupling is significant. Therefore, to
 
-find the resonance peaks for the Space Shuttle, admittances must be calculated
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Some of these frequencies were omitted for closely spaced modal frequencies,
 






Displacement, velocity and acceleration admittances (amplitude and phase angle)
 
for the input/response freedoms shown in Table 4-1 were calculated and ranked
 
using postprocessor Option 6. The complete set of tabulated data for liftoff,
 
max q and SRB cutoff are contained in Section 3.0 of Volume II. These tables
 
indicate which resonances are the primary contributors to the structural
 




Selected response/excitation pairs for the liftoff condition are used in
 
Section 6.0 for the comparison of the admittance technique with the con­




6.0 ADMITTANCE METHOD COMPARISON AND MODAL EXCITABILITY CRITERION
 
The ranking of critical resonances for the realistic model at liftoff using
 
the admittance approach was compared with the ranking of critical modes for
 
the conventional model. There are significant differences in the rankings
 
resulting from the coupling introduced by discrete joint damping in the
 
structural model. A criterion for assessing the effect of damping in struc­
tural joints on the excitability of structural modes is presented.
 
6.1 COMPARISON OF REALISTIC AND CONVENTIONAL MODELS
 
The most significant result obtained from the comparison of the realistic
 
and conventional models is that the damping in structural joints produces
 
significant modal coupling. Figures 6-1 through 6-3 show displacement, rate
 
and acceleration admittances for several response freedoms due to excitation
 
at one outboard Space Shuttle main engine (gridpoint 14039) and at one SRB
 
engine -(gridpoint 513) for both the realistic and conventional models. The
 
frequency range was reduced for these comparisons to provide better definition
 
of frequency shifts resulting from modal coupling. The curves shown in the
 
figures are displacement admittances for the position gyro in the Orbiter inertial
 
measurement unit (IMU), rate admittances for the SRM forward and aft rate gyros,
 
and the Orbiter rate gyro, and acceleration admittances for the aft dome of the
 
ET LOX tank and the crew compartment instrument unit for the realistic model.
 
Shown as points on these curves are the admittances calculated for the conventional
 
model using two methods for comparison: (a)using a uniform damping ratio of
 
.01 for all the modes and (b)using the damping ratio determined from the diagonal
 
term in the coupled modal damping matrix.
 
For some resonance peaks, the conventional model using method (b)(damping
 
calculated from the diagonal term of the coupled modal damping matrix) comes
 
close to the realistic model admittances. But for the resonance peaks which
 
show strong modal coupling, the conventional model admittances are signif­
icantly lower than the realistic model. Infact the conventional model 
admittances are zero for some resonances which are significant in the realistic 
model. As an example, for the position gyro response in the pitch (ey ) direction 
(Figure 6-1), the admittance peak at approximately 18.2 rad/sec is'the second 
highest peak for the realistic model; but for the conventional model, the mode 
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structural joints can have a significant effect on identifying the resonances
 
which are critical for dynamic analyses.
 
6.2 CRITIERIA FOR THE EXCITABILITY OF MODES
 
The admittance matrix for selected response/excitation pairs can be used
 
to identify critical resonant frequencies for points of interest throughout
 
the structure. The frequency of the admittance peak is used to identify the
 
dominant mode associated with that peak. The peak admittance amplitude is
 
used to calculate an equivalent modal viscous damping ratio for this domin­






and for velocity admittance:
 
(3
k ik' Rkl 

=




where: wk = frequency of dominant mode 
mk = generalized mass of dominant mode
 
Ik = kth mode shape for input freedom
 
R kth mode shape for response freedom
 
JACP)l =peak displacement admittance
 
JA(P)I = peak velocity admittance 
k = equivalent modal viscous damping ratio for dominant mode.
 
This method could be used as a criteria for the selection of a set of critical
 
modes for dynamic analyses and to establish the equivalent viscous damping
 




7.0 COMPUTER TIME ESTIMATES
 
Estimates of the computer time required to perform various parts of the
 
analysis are given in the following paragraphs. The computer time is given
 




The incorporation of structural joints (23 BAR joints and 64 plate joints)
 
into the Orbiter finite element model using the preprocessor requires
 
approximately 250 CRU's. This includes the generation of the additional
 
data necessary for the joint damping predictor (JDP) computer program. The
 
calculation of 30 Orbiter free-free symmetric and antisymmetric modes with
 
125 retained degrees-of-freedom using NASTRAN is approximately 350 CRU's each.
 
The joint damping predictor computer program used to calculate Orbiter damping
 




The computer time required by the preprocessor to incorporate 33 BAR joints
 
and 77 plate joints in the Space Shuttle model and create the NASTRAN BULK
 
DATA set is approximately 300 CRU's (computer resource units). The original
 
NASTRAN calculation of 30 antisymmetric Space Shuttle modes with 292 retained
 
degrees-of-freedom and the generation of a special user tape containing these
 
modes is approximately 700 CRU's. Approximately 800 CRU's are required to
 
calculate 30 symmetric modes (using NASTRAN'S restart capability) merge
 




The calculation of modes and the coupled damping matrix for additional mass
 
conditions required less computer time since the NASTRAN restart capability
 
was used and, therefore, the stiffness matrix and elemental damping matrix
 
did not need to be recalculated. Using the restart tape from the original
 
NASTRAN antisymmetric modes run, approximately 300 CRU's are required for the
 








Postprocessor computer costs depend upon the option used. For the conventional
 
model, Option 1 requires approximately 30.CRU's to calculate structural gains 
for 50 modes and 180 response/excitation pairs for each mass condition. Using 
Option 6 to calculate structural admittances for the realistic model, the 
computer time is primarily a function of the number of frequencies () for 
which admittances are desired. The number of response/excitation pairs has 
a much smaller effect on computer time. The computer cost for Options 4, 5 
and 6 are given by the following expression: ' 
CRU = 10 + NBETA
 
where NBETA is the number of admittance frequencies (s). 
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Significant differences were found in the dynamic responses at various points
 
on the Space Shuttle structure between the conventional model and the realistic
 
model (Figures 6-1 through 6-3). Equivalent modal viscous damping was used in
 
the conventional model, and the critical modes were determined using the un­
coupled modal response to calculate physical tramissibilities between the
 
excitation and response freedoms. The realistic model incorporated local
 
damping effects due to structural joints, and admittances were calculated
 
using the resulting coupled modal damping matrix.
 
Results of this analysis show that coupling of modes through local joint
 
damping is important and can significantly affect the identification of
 
critical resonances for dynamic response studies. For,modes whose frequencies
 
are close together and which are coupled, the frequency at which the maximum
 
admittance occurs will be different from the modal frequencies. Therefore,
 
frequencies, between modal frequencies should also be used to locate the
 
admittance peaks for each response/excitation pair. For example, in Figure
 
6-2 (SRM rate gyro, 9015/140391), the two modes at 16.8 and 17.3 rad/sec are
 
coupled to produce an admitthnce peak at 17.0 rad/sec which is more signif­
icant than either mode using the conventional model.
 
The equivalent modal viscous damping ratios calculated for the SRB cutoff
 
condition using the same joint damping parameters used for the liftoff con­
dition are higher than expected for the primary modes. Therefore it is
 
necessary to recalculate the joint damping parameters for each flight con­




It is recommended that distributed damping resulting from structural joints
 
be included in dynamic analyses of complex structures to preclude the omission
 
of critical resonances which could significantly affect the analytical results.
 




conclusions found in this study by comparing analytical results with test
 
data. Studies should also be conducted to determine the practical limits
 
for the methods described herein, i.e., how many structural joints are
 
required to obtain a sufficiently accurate representation of modal damping
 
over a given frequency range?
 
Additional studies are required to investigate the cause of the higher than
 
expected equivalent modal damping for the SRB cutoff mass condition. The
 
investigation should determine the effect of total mass on the joint damping
 
parameters. This study may involve the previously mentioned study to determine
 
the number of structural.joints required to give a realistic damping
 










This program, written in FORTRAN IV,was developed to incorporate struc­
tural joint damping models at selected points in a NASTRAN finite­
element model. The user specifies the location and properties of the
 
desired structural joint. The locations for joints are limited to the
 
ends of BAR and ROD elements and edges of QUADI, QUAD2, QDMEM, and SHEAR
 
plates. Gridpoints at the joints must be located either in the basic
 
rectangular coordinate system or in an arbitrary cylindrical or rectangular
 
coordinate system referenced to the basic system. Displacements of the
 
joints must be defined-in the basic rectangular coordinate system. The pre­
processor reads the NASTRAN BULK DATA deck for the original model and outputs
 
a revised data deck containing additional BULK DATA card images necessary
 
for the inclusion of the specified Voigt damping models. The revised BULK
 
DATA is used by NASTRAN to calculate modal characteristics of the structural
 
model and the coupled generalized modal damping matrix using rigid format 3.
 
The number of structural joints which can be implemented is limited to
 
1000 BAR joints, ROD joints and 200 plate joints. A maximum of 1000 cards for
 
each of the various types of NASTRAN data .(GRID, CBAR, PBAR, C plate, P plate,
 
etc.) may be stored by the preprocessor for joint implementation. Ifthe
 
original model has more than 1000 of any of these data cards, the additional
 
cards will be passed through the preprocessor without modification. Gridpoint,
 
element, property, and material identification numbers from 7000 through 9000
 
are used by the preprocessor for the gridpoints and elements of the joint
 




The input data required by the preprocessor consists of a NASTRAN BULK
 
DATA card set describing a structural model and punched cards which describe
 




the model. The DMAP ALTER statements which must be included in the NASTRAN
 
EXECUTIVE CONTROL deck depend upon the purpose for which the results are
 
desired. A complete list of ALTER statements is shown in Table I-I.
 
Structural joint damping models for BAR, ROD and plate elements are shown
 
schematically in Figure I-I. The location of a structural joint is spec­
ified by giving the element identification and- gridpoint identification
 
numbers for the desired joint location. The locations of the added gridpoints
 




for BAR and ROD elements
 




JG(c) - G(a)I = KG IG(d) - G(b)J = KG.Tb
 
where G(a), G(b), G(c) and G(d) are the locations of gridpoints a, b, c, and d,
 
respectively, KG is a factor specified either by the user or-by default, and
 
b is the length between gridpoints a and b. The formation sequence of the
 




Section properties of the revised elements, are specified by multiplying the
 
original element section properties by appropriate factors specified either
 
by the user or by default.
 
for BAR and ROD elements,
 
A(k) = KA - A(j)
 
J(k) =KJ - J(j)
 
Il(k) = KII'. l(j) - BAR joints only
 












ALTER 26 , 2 
S.MA1-CSTMmP.T ,ECPT-,GPCT-,1-T-/KGfGX ,4GG ,GPST/V-,N NOGE NL/V N NO4GG--7tzr 
ALT R 28T,9 
SMA2 	 CST4,M4PTECPTrGPCT,DIT/MGG,BXX/VY,WTMASS#1.C/VuHtNOxGG/VNwNOBGG/
V,y , COUPt4A SS /V , Y, CP 8Ak/V,Y, CPRODA IY, PQUADI/V ,Y ,CP1,)tJAU/V, 
Y,CPTkIAI/VYCPTP1A2/vY,CPTUBE/'.,YtCPQDPLT/VYyCPTRPLT/V., 
Y,CPTRRSC S 
SAVE--	 NGMGG ,NOBGG " 
ADD K4GG,BXX/BGG I 
MTRXI.N, ,CIATPOOL, EQEXIr), SIL,/PVCO, PVCiPVO/V, N,LUSET/V,N,NOPVOO/v, 
.N , NU)PVO 1/V , N, NOPVO2--$ 
PPRTNM BG,PVOC, /,,,BGGCO/C,I,-I $ 
CHK NT PVOO,BGGOO s
P ARTI+ -- - BG G Po10 , BG G I/1C-, N,-1-. 
ChKPIIT PVOI,BGGGI -
PART>? BGGPV02, /,,BGGO2/CN,-1 S 
CHKPN T -PV O2 GG0?-$ ..... .. ............ .......... . ... 
MiTRXlN, ,M4ATPOOLEQEXIISIL,/PVO-3,PVOtPV05/VNLUSFT/VN,NOPVO3/V, 
N,'IOPVO4/V,N,NOPVC5S
SGG, - .GP ARTNI 	 ---- PV -3,---/, / -,.-1.---
CHKONT PVO$,GG03 $ 
PARTN BGG,PV04, /,,,BGGO4/CN,-l $ 
CHKO;.T-PV04,BGGO4 --

PART'I SGG,PVOS, /,-,GGO5/C, N,-I $
 





MATGP 4t G LUSETSIL,BGG//C,N,GS
 
ALTER --96 . . . . -- . -. 




TABLE I-I; NASTRAN DMAP ALTER Statements for the
 
Preprocessor Computer Program (Cont'd.)
 






MATGPR GPL,USET ,SIL ,MAA//CNA
 






For calculating symmetric modes, merging previously calculated anti­



























--SDR1 US L T t. PH IA-T f,GO GM -KF S-/PRI GX-, "--QG1,- Pt--C-N-CF--s 
CHKPNT QG $ 
INPUTT1 /PHIGY,,,,/CN,-1/C,N,O $ 
-MERG E'- -PhI IGX i P H IGY-, -v-/P tIG/C- -NT-k----$ 
CHKPNT PHIG $ 
MPYAD PHIG, bGG,/XX/CN I/CN,/CN,0 $ 
-MPYAt -XX -PHIG f/8 HH/C-N O/C-i-N tIC- F; 
CJ-.PNT bHH $ 
"MATPRN BHHi,,,// $ 
-fNDA.TER-­
95OF THftol~ paI,~eo 
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C) PLATE JOINT SCHEMATIC 
Figure I-1. NASTRAN Joint Damping Model Schematics 
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where A(j), J(j), l1(j) and 12(j) are the cross sectional area, torsional
 
constant, and area moments of inertia of the original BAR or ROD element (j).
 














A ad) = A(bc) = KS 
 2 E.
 
where t., G, and Ei are the membrane thickness, shear modulus, and elastic 
modulus of the original plate element (J). 
Damping values for the BAR elements are input by specifying the C1 (axial)
 
and C2 (torsional) damping constants for each ROD element denoted by m, n,
 
and p in Figure 1-1 input as if the RODS were VISC elements. Damping values
 
for ROD joints are input as the damping constant of a VISC element between
 
gridpoints a and c. Damping values for the plate elements are as if they
 
were Cl damping constants for VISC elements. The following conversions are
 
performed to calculate the structural damping coefficient (GE) required for the
 
MAT1 card for all damping except axial damping with SHEAR plates:
 
for axial ROD elements
 
E
GEA = A(ac) 






where ac and i are the lengths between gridpoints a and c and between a and
 
d, respectively. These structural damping coefficients are automatically
 
converted to viscous damping coefficients since the preprocessor sets
 




Detailed preprocessor input descriptions and examples for BAR, ROD and
 
plate element joint damping models are shown in the following pages.
 
The card format is the NASTRAN single-field format. The "$BAR", "$ROD"
 
and "$PLATE" must begin in column one, but the rest of the input may be
 
located anywhere within the 8 column fields. The element I.D. and
 
gridpoint I.D. are integers and the rest aredecimal input. The prepro­






Input Data Card $BAR Joint Damping Element (BAR)
 






1 2 3 4 5 6 7 8 9 10 
J$BAR IDBR I IDGB Cim CnI Clp C2m C2n C2p abc 
$BAR 801 185 8090. 8090. 8090. 512906.1 512906. 512906. +D80l 
I~c KG KA I KJ IKill K21MPCIDj 0MTBfI DSN0 I_ 
I+D8011 .08 1 .751 11 1"l 
Field Contents 
IDBR Identification number of the BAR element to which a joint 
is being added 
IDGB Gridpoint identification number which defines the location 
of the joint 
ClmCln,Clp Translational damping constants for the joint in the 
local element x, y and z directions, respectively 
C2m,C2n,C2p Rotational damping constants for the joint in the local 
element RX, RY and RZ directions, respectively 
KG Joint length factor (default = .1) 





KJ 	 Joint torsional constant factor (default = 1.0)
 
KIl,KI2 	 Joint area moment of inertia factors (default = 1.0) 








OMIT - include joint freedoms in OMIT set
 
blank- do not include joint freedoms in OMIT set
 
DSN0 Damping set number
 












length of joint = KG x length of original element
 




4. 	Freedoms generated for the joint should not be included
 
in the analysis set. If an OMIT set is used for other
 
freedoms in the NASTRAN model, input "OMIT" in field 8 of
 
card 2. If an analysis set (ASET) is used elsewhere in
 
the model, leave this field blank.
 
5. 	Identification numbers for the gridpoints, element connec­
tions, properties, and materials generated by the preprocessor
 
are in the range 7000-9000. These I.D. numbers may
 





6. Multipoint constraint sets must be selected in,the CASE
 
CONTROL deck (MPC = MPC ID)to be used by NASTRAN. 
7. 	DSNO specifies the damping set into which the joint
 
damping parameters are placed for use in the joint
 
damping predictor computer program.
 
DSN0 = 0 if damping values are known.
 
DSN0 = 1,2 --- if damping parameters are unknown
 
8. 	 DSN0 must be input. No default value is provided.
 






Input Data Card $ROD Joint Damping Element (ROD)
 






1 2 3 4 5 6 7 8 9 10 
[SR0D IDR IIDGR C] C2 KG KA jKJ I OMIT abcd 




IDR Identification number of the ROD element to which a joint 
is being added 
IDGR Gridpoint identification number which defines the location 
of the joint 
ClC2 Axial and torsional damping constants for the ROD joint 
KG Joint length factor (default = .1) 
KA Joint area factor (default = 1.0) 
KJ Joint torsional constant factor (default = 1.0) 
OMIT 	 Indicator used to include joint freedoms in the OMIT set: 
OMIT - include joint freedoms in OMIT set 
blank - do not include joint freedoms in OMIT set 








length of joint = KG x length of original element
 
area of joint = KA x area of original element, etc.
 
2. Freedoms generated for the joint should not be included
 
in the analysis set. If an OMIT set is used for other
 
freedoms in the model input "OMIT" in field 9. If an
 




3. 	Identification numbers for the grid point, ROD element,
 
ROD properties, and VISC element generated'by the pre­
processor are in the range 7000-7999. These I.D. numbers
 
may not be used in the original NASTRAN structural model.
 
4. 	DSN0 specifies the damping set into which the joint
 
damping parameters are placed for use in the joint
 
damping predictor computer program.
 
DSNO = 0 if damping values are known
 
DSNP = 1,2 ... if damping parameters are unknown.
 
5. 	DSNO must be input. No default value is provided.
 
6. Both the VISC element, if used, and the damping in the
 









Description: 	 Defines a Voigt damping model to be included along
 
an edge of a quadrilateral plate element.
 
Format and Example: 
1 2 3 4 5 6 7 8 9 10 
IsPLATET IDPJ lOIGE I10GB IClIA I1 KG I KA I KSrJ bcJI 

j$PLATE I 805 186 188 2582. 3591. 1_1-.75- I ti. +805 
+bc IMPG IDIOMTB MPCN2 D5NQD ID3NOA.I {MPCNl 






IDPJ 	 Identification number of the quadrilateral plate element
 
to which a joint is being added
 




CIA 	 Translational damping constant for the joint in the axial
 
directions defined by gridpoints ac and bd of Figure I-1.
 
CID 	 Translational damping constant for the joint inthe diag­




KG Joint length factor (default = .05)
 





KS Joint shear area factor (default = 1.0) 
MPC ID Set I.D. into which generated rotational MPC's will be 
placed; a blank indicates no rotational MPC equations are 
to be generated. 
0MTB Indicator used to include generated joint freedoms in the 
OMIT set: 
OMIT - include joint freedoms in OMIT set 
blank - do not include joint freedoms in OMIT set 
MPCNl, MPCN2 
DSNOD, DSN0A 
Gridpoints to which added plate grids (NI & N2) are to be 
MPC'd to provide out-of-plane stiffness. The MPC set I.D. 
is the same as MPCID; if MPCID is blank, MPC'set default is 1.L 
damping set number into which the diagonal and axial damping 
elements are placed. 
Remarks: 1. Joint factors (KG, KA, KS) are used to define joint 
properties: 
width of joint = KG x length of joint 
axial area of joint = KA x axial area of original 
element 
shear area of joint = KS x shear area of original 
element. 
2. Translational damping constants (ClA and CID) are input 
as if the axial and diagonal elements are VISC elements. 
205
 
3. 	Out-of-plane translation and rotational MPC equationsare 
optional for QUADl and QUAD2 plate elements but are required 
for QDMEM and SHEAR plate elements unless BAR elements are 
used as edge members. Multipoint constraint sets must be 
selected in the CASE CONTROL deck (MPC = MPC ID)to be used 
by NASTRAN. 
4. 	Freedoms generated for the joint should not be included in
 
the analysis set. Ifan OMIT set is used for other freedoms
 
in the NASTRAN model, input "OMIT" in field 3 of card 2. If
 




5. 	Identification numbers for the gridpoints, element connections,
 
properties, materials generated by the preprocessor are in
 
the range 7000-9000. These I.D. numbers may therefore not
 
be used in the original NASTRAN structural model.
 
6. 	DSN0 specifies the damping set into which the joint damping
 




DSN0 = 0 if damping values are known
 
DSNO = 1,2 ... if damping parameters are unknown.
 
7. 	DSN0D and DSN0A must be input. No default values are provided.
 





















C ** NASTRAN PRE PROCESSOR PROGRAM FOR CREATING FLEXIBLE JOINTS 











_____ COM CON/ IMAGE / CDIIO) 
COMMON/ BROD / IDR(20), IDGR(201, RPARM(2O,5), OMIT(20), NROO
 






COMMON/ BCROG I IORO(1000,4), NCRD 
COWVCN/ BPROD / IDPRDOO00), IDMP{1000), JPROP(IO00 41, NRPD
 
COMMON/ BNEW - / NGRO, IDEX, IPEX, IEaCM, IDCV, IMEX 
COMMON/ BCOMM / XC(3,5J, 11, 12, INCP
 
COPYON/ BOEFLT / AKGPO, AKGSO, AKMO, AKAPO, AKASO, BKMD, BKGPO,_ _____ 
I 8KGSD, BKAPD, BKASD, EKJPD, BKJSD, 8KIIPO, BKIISD, BKI2PD, BKI2SO
 
COMMON/ BSQGP I NWGRD(40), SEGMX(40)t NSQGP 
COMMON/ BIMG / NIMG(20,40), IMG
 
COPtON/ SCBAR / IDB(1000), IPB(I000,-!A(iO0Oj-iBB{iO0O),
 
I IBREC(IO00), NBAR, NBREC
 
COMMON/ BOAR / IDR(50), I1GB(50), BPARM(50,12), ONTBL50- , NBR
 


















DATA HR / 8HSROD , 8H$BAR , 8HCROD , 8HPROD 
I 8HGRID , 8HCBAR , BHPBAR , 8HPROD* , 8HGRID* 
2 8HCBAR* , 8HPBAR* , 8HPROD ', 8HGRID 4 8HCBAR *, -.. 
3 8HPBAR H, 8H
8ENODATA , ENDOATA / 
REAL#8 HDR2(20) 
DATA HDR2/ 8H$PLATE ,8HCQUADI ' ,8HCQUAD2 ,8HCQDMEM 6HCSHEAR, . 
X BHPQUAU1 ,8HPQUAOI ,8HPQUAD1l
 
X 6HPQUA02 ,8HPQUA02* ,8HPQUAD2 *. 
X 8HPQOMEM ,8HPQOMEM* ,8HPQODMEM *, 
X BHPSHEAR ,8HPSHEAR* ,BHPSHEAR 4
 
X SHMATI ,8HMATI* ,8HMATI * / 
REAL'8 HOR3(4)
 














GO TO 30 
20 CONTINUE 
C 








-- 30 CONTINUE 
C 
C * TEST CARO IMAGE FOR DESIRED BULK DATA SUBSET 
DO 50 1 = 1, 17 
IFICD() .EQ. HOR(I]) GO TO 60 
__ -50 . CONTINUE. 
DO 56 K=1,20 
IF{CDII).NE.HOR2(KI) GO TO 56 
.. ....I=K .
_ 
GO TO 145 
56 CCNTINUE 
DO 58 	 1=1,4­


























IF(I .GE. 16) GO TO 10..
 




CALL RADJ(I, IOX) --

GO TO (130, 140, 90, 100, 80, 110, 120, 100, 80, 110, 120), 1 
80 CONTINUE 






90 CONTINUE-- - - --...... 





















GO tO 10 
120 CONTINUE 
C ** 	 PEAR CARD 
CALL PBARLI, 
GO TO 10 
130 CONTINUE 
C *$ $ROD CARD 
CALL ROD 
GO TO 10 





















IF(I.LE.5) GO TO .48
 
C THESE BULK DATA CARDS WILL NOT BE MODIFIED AND CAN
 




















IFtI.NE.1) GO TO 150
 
C * SPLATE CARD
 





rFCI.GT.5) GO TO 155 
C ** CCUADI,CQUAD2,CQDMEM, OR CSHEAR"CARD 
CALL CPLATE(I) 
GO TO 10 
155 CONTINUE 
IF(I.GT.17) GC TO 160 
C ** PQUADI,PQUAO2,PQDEM, 
CALL PPLATE(I) 
GO TC 10 
160 CONTINUE 












C PRINT JOINT INPUT DATA 
C 
WRITE(6,7OIO) NROD, NBR, NPLT 


















DO 220 [ = 1, NOR
 



























C 4* CREATE NEW BULK DATA FOR PLATE JOINTS
 

















C ** CLEAN UP 
C 
C 
C ** WRITE CBAR IMAGES ON DISK 
C . . . . . . 
REWvIND 3 
IRC = 0 
300 CONTINUE -. . . . . . 
READ(3,000,ENO=350) CC
 
IF(CD(1) .EQ. HOR(6)) GO TO 310
 
IF{COI) .EQ. HDR(IO)) GO T0_305_
 




C ** DOUBLE FIELD IMAGE 
IRC = IRC + I
 
WRITE(0,7001) (CD(L),L=J,3), IPBCIRC), IBACIRCI, IBB(IRC), CD(1O)
 






C ** SINGLE FIELD IMAGE 
210
 
IRC = IRC + 1 




C *W WRITE CARD IMAGE ON DISK 
IRITE(9,7000) CD 





C * WRITE CROD IMAGES ON DISK
 
C 
IFNCRD .LE. 0) GO TO 450 
00 400 1 = 1, NCRO 




































































IIHO,46X,3BHNO. ROD ELEMENT JOINTS TO BE
 
IMCODIF[ED ,14/47X,38HNO. BAR ELEMENT JOINTS TO BE MODIFIED ,14

 




71C0 FORMATCIHO,54X,22HV** ROD JOINTS /
 
7110 FORMAT(ZOX,T2,2110, 5E13.5v 15)
 




7130 FORMATIZOX.I2, 2110, 5E13.5 IZ4X, E13.5, 5F13.3, AS, 15)
 
7140 FORMAT(IH0/55X,22H** PLATE JOINTS ** /
 












COFCN/ BRED / IOR(20), IDGR(20), RPARM(20,5), OMIT(Z01, NROO
 






COMMON/ BCROD / IDRD(1000,4), NCRD
 
COMMON/ BPROD / IDPRD4l000), IDMP(lO00i, JPROP(IOOO,4), NRPC
 
COMMON/ BNEW / NGRO, IDEX, IPEX, IECM, IDCV, IMEX
 
COMPON/ BCoMm / XC13,5), II, [2, INCP
 
COMMON/ BOEFLT / AKGPD, AKGSDt AKMD, AKAPO, AKJPD, BKMD, BKGPD,
 
1 BKGSO, UKAPD, BKASD, BKJPO, BKJSD, BKIIPD, BKIISD,. BKIZPD, BKI2SO
 
COMMON/ BSOGP /.NWGRD(40), SEGMX(40), NSQGP .....
 
COMMON/ BIMG / NIMGC20,401, IMG
 
COMMON/ BCBAR / 103(1000), IPBIO00), IBA(I000), TBBCIOoo),
 
1 IBREC(IOOG), NBAR, NBREC -----
COMMON/ BEAR / IDRRCSO), IOGB(50)t BPARM50,12), OMTB(50sI NBR 
COMMON/ BPBAR / IDPB(10001, IPREC(IOO), NPBAR, NPREC 
.C 
DATA NROO, OMIT / 21*0 / 
DATA NGD/ 0 / 
DATA NCRD/ 0/ 
DATA NRPD / 0 / 
DATA NGRD, IDEX, IPEX, IEDCM, IDCV / 7000, 7300, 7500, 7600, 7700/ 
DATA IMEX/7000/ 
DATA AKGPO, AKJPD, AKNO, AXAPO / 0.1, 1.00, 0.1, 1.00 -
DATA bKGPO, BKAPD, BKJPD, BKIIPD, BKI2PD / 
1 0.1. 1.00, 1.00, 1.00, 1.00 /
 
DATA BKMO, BKGSU, BKASD, BKJSD, BXIISO, BKI2SD I
 
1 0.1, 0.1, 0.1, 0.1, 0.1, 0.1 /
 
DATA NSOGP/ 0 /
 
DATA NBAR, NBREC / 0, 0 /
 
DATA NBR I 0 /
 
DATA OMTB / 50*0
 -0.....
 
DATA NPBAR, NPREC / 0, 0"/
 
DATA RPARM / t00*-L.O /
 





























C * RIGHT ADJUST NASTRAN BULK DATA IN FIELD 
C-
LOGICAL*1 CD, CCI64J, DMY(4), BLNK
 
CONMCN/ IMAGE I CD(80 
DATA DMY /lHO, 1H., 1HI, IH- I, 
DO 10 1 = I 64 





C #t TEST FOR SINGLE OR-DOUBLE-FIELD 
C 
IF(II .GT. 7) GO TO 20
 
C 4* 	 SINGLE FIELD 
IDX = 8 
IDY = 8 
GO TO 30 
20 	 CONTINUE
 
C ** 	 DOUBLE FIELD 
tDX = 4 







C 4* 	 RIGHT ADJUST DATA IN FIELDS 
C 
DO 100 J = 1, IDX 
IBLNK = 0 
K2 = J * TOY 
K1 = K2 + 	8
 
1
00 50 L = - IDY 
IF(CDKI) -EQ. BLNK) GO TO 40 
IBLNK = I 
CC(1C2) =COIKI) 




K(2 =K2 -	 1 
50 	 CONTINUE 
IF{IT .GT. 2) GO TO 100 
IF{IBLNK .NE. 0) GO TO 100 
DO 60 L It 4 
CCCK2)- = OMYL) 
K2 = K2 - 1 
60 CONTINUE 
100 CONTINUE 








7010 FORMAT(26X, 80A ) _.. .. ....- . . ..












DATA TLC / 8HSEQGP /
 
IFINSOGP .EQ. 0) GO TO130
 
DO 120 L =1, NSQGP
 



















SEOC = SEQMX(LS) + 0.1
 




CALL STORE{ 6 1
 
RETURN . - ----

C 









CONMCN/ IMAGE / CARO(2O)
 
COMMON/ BGRID / IDG(1000), ICP(10001, GCD(100D,3), NGD, DUMM
 
X ,IXCD(1000),IXPS(1000 . . .... .. ... 
REALt8 [XCD, IXPS, K, J 
DATA MAX 1 -1 / 
C
 
IP(IOX .EC. 41 GO TO 20
 









REAOt 07002) A, BB, CONT,
 




30 	 CONTINUE 
IF(B(2).LE.0.) WRITE(9,70001 CARD.............. ...... 
REAO(5,7000,ENO=200) CARD 
WRITE(O,7000) CARD 
CALL RADJ(I, LOX).. 




C ** STORE DATA IN COMMON 
C 
NGD = NG * I 
IF(NGD -LE. 10001 GO TO 75
 

























IF(ICP(NGO).GT.O3 GO TO 108 
-- 100 WRITE(9,700O) CARD" 
108 CONTINUE 
RETURN 
C *-SUBROUTINE-GRID -INSERT 
200 CONTINUE 




7001 FORMAT(A8, SF8.0, ZAS)
 
7002 FORMATIA8, 4F16.0, AS)
 
7003 FORMAT(1HO,22X,86H*** MORE THAN 1000 GRID POINTS. NO MORE WILL B
 
IE STORED FOR JOINT PRE-PROCESSOR **/IHO) 
7004 FORMATCA8,FI6.0,2{8XAI) 
7010 FORmAT(1HOt46X,40H*** END OF FILE ON INPUT IN GRID * / 


















65 	 IF{KI .EQ. 0) GO TO 100
 




KZ = K2 - i
 
IF(K2 -EQ. 0) GO TO 80
 































NRCD = NRCD + I
 
IF(NROO .LE. 20) GO TO 50
 
















7000 FORMATiZA4, TF8.0, 8AI)
 
. 7001 FORMAT(HO,_39H***-._TH.NUMBER OF ROD ELEMENT JOINTS...,12j .. 








LOGICAL*1 Ci8, BLNK 
CODPON/ BBAR-I IDBR(50), IDGB(50), BPARMt5O,12J, OMTB{50), NBAR 







DATA PLUS/ IH+ 1.
 





N2AR = NBAR + I 
IF(NBAR .LE. 50] GO TO 25 
WRITE(6,70L0) NBAR, B . . . . . . .. . . . . . . . . . . 
GO TO 200 
25 CCNTINUE 
EDBR(NBAR) = 8(1) . .-. .. .. . . .. 
EOGB(NEAR) = B(2) 
DO 40 1 = 1, 6 















































7002 FORMAT(A8 5F8.0, AS, SAl)
 
7010 FORMAT(IHO,39H*** THE NUMBER OF BAR ELEMENT JOINTS ,IZ,
 
117H EXCEEDS 50 *** / 2X,8F8.')
 










COMMON/ IMAGE I CO(20)
 










11 = -4 
o-- CONTINUE
 
I1 = I1 + 4
 
IF II .GT..) GO TO 75
 
IF(B{(fl+) .EQ. 0.0) GO TO 75
 
NCRD = NCRD + 1
 
IF(NCRD .GT. -1000I GO TO 50
 











C ** TABLE FULL 
C 
















7010 FORPAT(IHO,31X,&6H**t CRO0 STORAGE FULL - NO MORE CRO CARD DATA
 





COMMON/ IMAGE I CD(201
 










NPRD = NPRD + I_
 








DO 25 1 = 1 4
 





















WRITE(9,700 ) CO .... . . .. ... 
300 RETURN 
7000 FORMATCAS, 6F8.0 
7001 FORMAT(2OA4) 
7010 FORPAT(lIHO,31X,69H*** PROD STORAGE FULL - NO MORE PROD CARD DATA 




SUBROUTINE CBZR(II, IDX, *j, *3
 
LOGICALfl CO, PLUS, STAR
 
COMMONI IMAGE.,( CD(80) 
COMMON/ SCEAR / IDB(lOOOjt IPBIIO0O), IBAtIOO|), IBBE OO,
 
1 IBREC(1000), NBAR, NBREC
 




DATA PLUS, STAR / IH+, H1* 1, MFLG / -I
 
IFIIOX .EQ. 4) GO TO 20
 








-_ C DOUBLE FIELD CARD---

REAOLO,7002) A, B8 
DO 30 1 = 1, 4 





NSAR = NSAR + L -.-

IF(NBAR .LE. 1000) GO TO 75
 






















IBRECINBAR) = NBREC + I
 
C 












IF(CDI) .EQ. PLUS) GO TO 100
 

























1010 	FORMAT(IHO35X,61H*** CBAR TABLE FULL 

1E SAVED * /26X,_80A1) 
END 
SUBROUTINE PBAR(II, lOX, *, *3 
LOGICAL*1 CD, PLUS, STAR-

COMMON/ IMAGE / CD(80)
 








IF{IOX .EQ. 4) GO TO .20
 
C *4 	 SINGLE FIELD CARD 
READ(O,ZO0lf Ar I 







NPBR = NPBR + 1
 
IF(NPBR .LE. 1000) GO TO75
 





















C ** iRITE PSAR IMAGE ON DISK 
WRITE(9,7000) CD
C 	 -I 
C ** 	 SEARCH FOR CONTINUATION CARDS 












IFICD1I) *EQ. PLUS) GO TO 90
 
























7010 FORMAT{HO,35X,61H**- PBAR TABLE FULL - NO MORE PBAR DATA WILL B
 
IE SAVED 126X,80AL)/ 







COMMON/ IMAGE / C(80) 
COIMCN/ BROD I IDR12O), IDGR(20), RPARM(20,5), OMIT(20), NROD 
COMMON/ BGRID / IGDN(1000), IPCG(IO00), GC(I0OO0,3)?NGD .. 
COMMON/ BCROD / IDRO(IO00,4), NCRD 
COMMON/ BPROD / IDPRD(1000), IDMP(1000), PRDP(1000,4), NPRO 




COPON/ BCOM / XC(3,5), 11, 12, INCP
 
COMMON/ BOEFLT I AKGPD, AKGSD, AKMD, AKAPD, AKJPO
 
COMMON/ BSQGP / NWGRD('O), SEQMX(401, NSQGP
 
COVItON/ BIMG I NIMG(20,40), IMG
 
REAL*8 TLC09) 
OATA TLC / 8HGRID , 8HCROD , 8HCONM2 , 8HOIT8, 
I 8H 123456, 8HSEQGP ..BHPRtOO....., BHCVISC ._, SHPVISC-.. _ 
C 
IF{NRO0 .LE. 0) RETURN 
C 
C ** START LOOP THROUGH NO. OF ROD ELEMENT JOINTS TO BE MODIFIED 
C 












DO 20 L = 1, NCRO
 






















CALL 	CCORD(IGA, IGB, 1OG, 








IF(IDP .EQ. 0) TOP = IDE
 
C ** SEARCH FOR PROD CARD IMAGE 
C
 
O0 L50 L =it NPRD
 








GO TO 500 
-- 160 CONTINUE 
AKAP = RPARMINR,4) 
IF(AKAP .LT. 0.0) AKAP= AKAPD.. 
AKJP = RPARMCNR, 5)
 
IF(AKJP .LT. 0.0) AKJP = AKJPD
 
AC = AKAP * PRDP(LPl)
 
X / (AKGP*(1.-AKAP) + AKAP)
 
TC = AKJP * PROP(LP,2)
 




IF(CI.LE.O.) GO TO 175
 
C CHANGE MATERIAL PROPS TO INCLUDE DAMPING COEFF'
 







XL=SQRTfI XC(I,2)-XC 1,I))* 2 +--. 
 . .. .........
 
X 	 (XC{2,2)-XC(2,1))**2 + 










CALL STORE( 18 )
 




C CHANGE ROD TO REFERRENCE NEW PROPERTY CARD AND WRITE NEW CARD
 
. .	 . . . . . .
. .. . . . . . . .





















































..... IDEX = IDEX.t.1 
IPEX = IPEX + 1 
IDCV = IOCV - 1 




















7007 FORMAT(A8, 18, 2F8.1)
 
7008 FORPAT( 8HMATI* ,116,2El6.6,16X, 3H*M1t [5
 
7CCY FORMAT( 3H*f, 15 ,48X, E16.6 )
 
7010 FORMATIHC,33X,31H*** SPECIFIED ROD ELEMENT I ,15,39H DOES NOT
 
IMATCH ANY CROD ELEMENTS ***/) 
7011 FCRIVAT( 8HPVISC* , I16,14X,2H0.,E16.8,16X. 3H*PV, 15 1 
7012 FORMAT( 3H PV, 151 
7020 FORAT(IH0,32X,24H*** SPECIFIED PEAR ID ,15,38HOOES NOT MATCH AN 
IY PEAR ELEMENTS ** /) 
7050 FORMAT(IHI,47X,28H***** ROD ELEMENT JOINT - ,12, 8H ***** I) 




SUBROUTINE BARJT .. . . . . ....
 




COMJON/ IMAGE I CD(80)
 
CCNMON/ BCBAR / IOB(I000) IPBtIOOOI., IBA(10001, iBBio000.
 
1 IBREC(1000I, NBAR, NBREC
 





COMCN/ BGRID / IOGN(OGOO), ICP(IO0O), GCD(O00,3), NGO
 
COMMON! BOEFLT / RDFLT(5) , BKMD, BKGPD, BKGSO, BKAPD, BKASD
 
I BKJPD, BKJSD, BKIIPD, BKIISD, BK12PD, BK12SD 
CO N CN/ BIMG / NIMG(20,40), IMG -f NC..._ 
_ 
COMMON/ BCOMM / XC(3,51, 11, 12, INCP 





COMMON/ BPBAR / IDPB(lOO), IPREC(IO00), NPBAR, NPREC
 






DATA RLC / SHOMITI 

DATA TLC / 8HGRID 

I 8HCVISC , 8HPVISC 
DATA STAR t IH* / 
DATA CNE, OFLT / 4H 












C * START LOOP THROUGH BAR ELEMENT JOINTS
 




IDE = IOBR(NB) 
IDG = IDGBINS) 
DO 20 L = 1, NRAR 





















IF(BKGP .LT. 0.0) BKGP = BKGPD
 
C
C ** COMPUTE NEW GRID POINT -- COORDINATES
 
00 40 L = 1, 3 
XCtL,3) = XC(L,II) + BKGP * (XC(L,12) XC(L,I1)) 
40 CONTINUE 
IGC = NGRO 
NGRO NGRO ;-I 
WRITE(0,7001) TLC(IU, [GC, INCP. (XCIL,3),L =1,3) 
CALL STORE(16) 
C 
C ** ESTABLISH GRID POINTS E & F 
C 
IGE = NGRD 
IGF = NGRO + I 




CALL SEQGENI[OG, IGC) 
CALL SEOGEN(IDG, tGE) 
CALL SEQGENLIDG, IGF) 
C 
C * TEST FOR CMIT CARD GENERATION 
C 
IF(OMTB(NBI .EQ. 0) GO TO 50 









WRITE{O,700) TLCLI), IGE, INCP, (XC(L,4),L=I,3) 
CALL STORE{16 I----
WRITE(O,700 ) TLC(I), IGF, INCP, (XC(L,5 ,L=,31 
CALL STORE(16) 
- C 
C * INSERT NE14 GRID POINT 160. IN ELEMENT LL 
C 
IF(I1 .NE. 1) GO TOt6 - -­
IBA(LL) = IGC 
GO TO 70 
60 IDB(LL) = IGC 
70 CONTINUE 
C 
C *% GENERATE ELEMENT CARD FOR NEWARELEMENT .. . . 
C 
13 = B(8) 
IF113 .EQ. 2) GO TO 87................ 
WRITEO,t7002) TLC(2), IDEX, IPEX, TOG, IGC, (B(L+43,L=1,4) 
GO TO 89 
87 CONTINUE 
[OP = B(5) 
WRETE(0,7009) TLC(2). IDEX. IPEX, IDG, IGC, IDpt 13 
S9 CONTINUE-------------.... 
C 
CALL STORE( 18 
C* ESTABLISH PROPERTIES OF THE NEW ELEMENTS 
-. 
C 
IOP = IPBILL 
IFCIOP -LE. O IDP. IDE---
C =* SEARCH FOR PBAR IMAGE 
00 90 L = 1, NPBAR 
FCIDP .NE. IDPB(L)) GO TO O 
LP = L 
GC 'TO 100 
90 CONTINUE ..... . ... .. ... . . 
WRITE(6,70203 IOP 
















IF(CO(5) .EQ. STAR) GO TO 140
 
IF(CO(B) EQ. STAR) GO TO 140
 
























DC 150 L = 1, 4
 
















IF(BKAP .LT. 0.0) BKAP = BKAPD
 
IF(BKJP .LT. 0.0) BKJP = BKJPD
 
IF(BKIIP .LT. 0.0) BKILP = BKILPD
 
IF(BK12P LT. 0.0). BKI2P = BKI2PD
13 = 	 B(2) _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 
B(1) = B(3) *-BKAP
 
8(2) = B(4) * SKEIP
 
B(3) = 8(5) * BKI2P-------------------------........
 















































































CALL STORE( 20 )
 
WRITE{O,7015) IPEX 
CALL STORE( 2 3-----------------....... 
IDEX=IDEX+l 
IPEX=IPEX+1 
WRITE(0,70l3) IDEXIPEX,IDG,IGE --. . . 
CALL STORE( 10 ) 
WRITE(0,7014) IPEXMIO, XAN,XJNIPEX 


























C * GENERATE PULTIPOINT CONSTRAINT CARDS 
C 
HIO = BPARM{NB, 12) 





















IDEX = IDEX + I
 












7001 FORMAT(AB,218, 3F8.2,2(7X,IHO)) 
7002 FORMAT(AB,418, 4F8.3) 
7003 FORMAT(2A8, 718) 
7004 FOR$AT(BOAL) 
7005 FORMAT(A8, 8F8.0) 
7006 FORMAT(A8, 4Ft6.0)" 
7007 FORMAT(A8, 418) 
7008 FORMATIA8, 18, 2F8.1) 
7009 FORMAT(A8, 518, 124) 
7010 FORMAT(IlHO,28X,31H*** SPECIFIED BAR ELEMENT 1O , I, 
140H DOES NOT MATCH ANY CBAR ELEMENTS *** /)
 
7011 FORMATI 8HMATI* ,116#2E16.6#16X, 3H*M1, 15)
 
7012 FORNATI 3H*M1, 15 ,48X, E16.6)
 
7013 FORMAT( 8HCROD , 418 ­
7014 FORMATI 8HPROD* , 2116, 2E16.8, 3H*PRi15)
 
7015 FORMAT( 3H,PR, E5 I
 
7020 FORMAT(IHO,25X,36H*** SPECIFIED PROPERTY ELEMENT 10 _15.
 
140H DOES NOT MATCH ANY PBAR ELEMENTS 1*
/)) 

7021 FORMAT( 8HPBAR* , 2116, 2E16.8, 3H*PB,153
 
7022 FORNAT( 3H*PB, 15 ZE16.8 )
 
7100 FORMAT(IHI,47X,28H**** BAR ELEMENT JOINT - ,IZ, 8W **** /)
 
7130 FOR!AT(IHO,46X,39H* * * * * NEW CARD IMAGES * 4 * 4 4 /1
 




SUBROUTINE EFC( LL, B, 8B, *3
 
COYON/ BCBAR / IDB(1000), IPB(1000), IEA(IO0), 1BB(1000), .
 
1 [BREC(1OCO), NBAR, NBREC
 
COMMON/ BGRID / IDGN(1000), ICP(COOO), GCD(1O00,3), NGD
 
COMWON/ SCOMM I XC(3,5), 11, 12 - ------..
 






DIMENSION 8(8), VI33, V2.(3), V3(3)
 
DATA STAR / IH* f
 
C *W SEARCH FOR CBAR 
C
 
IOP = IBRECILL) _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 
REWIND 3
 






IFICD5) .EQ. STAR) GO T1 30
 






-. --. THE 


















- - DC 40 L = ft4, 

B{L+4) = BB(L) 
40 CONTINUE 
* - 50 CONTINUE 
IDP = B(8) 














00 65 L = I, NGD _____ - ---------

IF(UOP .NE. IDGN(L)) GO TO 65
 
V211) = GCD(L,I) - XC(1,I1)
 
V2(2) = GCO(L,2) - XC(21I..
 












VIM!) = XCtV,12) - XC(I,I1)
 
V112) = XC(2,12) - XC(2,It)
 











V3(1) = V1(2J * V2(31 - V1(3) * V2(2)- .. . . . .. . .................. ... 
V3(2) = V1(3) * V2(11 - VII) * 2M13) 
V3(31 = Vl(1 * V2(2) - V112) * V2(1) 
AMG=SQRTIV3(1)**2+V3(2)**2 V3(3)**2) 
XC(L,5) = XC(1,I1) + V3(1)*AC/AHG
 
XC(2,5) = XC(2,I1) + V3(2)*AC/AMG
 








V42(1) = V4312) * VI1M3 - V43(31 VIM1(2
 
V2{2) = V3(3) * V1(1) - V3(1) * V1(3)
 




XC(1,4) = XCri,II) + V2(l)*AC/AMG
 














7CIO FORWAT(lHO,L3X,94H*** COULD NOT LOCATE GRID POINT FOR REFERENCE
 
ICOORDINATE SYSTEM- SUBROUTINE EFC - GRID NO. *15, 6H *** /) 
END
 
SUBROUTINE COCRD(IGA, IGB, IDG, *3
 
COMMON/ 3GRID /IDGR(1000), ICP(1000), GCD(1000,3), NGO
 










IF(IOG .EQ. ISA- GO-TO-20 
11 = 2 
12 = I 
TF(IDG .EQ. IGB) 'GOTO 20 




C ** SEARCH GRID.TABLE FOR COORDINATES 
00 30 L = 1,NGD
 
[F{IGA .NE. IDGR(L)) GO TO30.
 
DO 25 K =1, 3
 
















DC 50 L = 1, NGD
 
IF(IGB NE. IDGR(L)) GO TO 50
 
C0 45 K I, 3
 




IF(12 .EQ. 1) INCP = ICPELI- . . . -..











7000 FORIATCIHO,29X,72H*** ELEMENT GRID POINTS 00OT'COMPARE WITH SP 
IECEFEED GRID POINT * /38X,L2HSPECIFIED = #15# IOX,12HELEMENT1* ­
2 A ,15, 7H B ,15 /_.......
 
7010 FORMAT(IHO,I8X,48H=** NO MATCH FOUND FOR THE ELEMENT GRID POINT
 







-" 	 SUBROUTINE MPCGEN(IC, IE, IF, HID)
 






DATA TLC./ 4HMPC , 4H I, 4H MPC, 4H+MPC, 4H I, 4H 2, 4H 3,
 
I 4H 4, 4H 5 4H 6 /
DATA LCNT, Al, A2 / .990,_.a,. / ..-. . .....C 
11 = IE 













.. 0D 1.0 Is2. 	




C(L) = X(L,3 XCL,12) 




DO 50 J = 1, 3
 








WRITE(O,7001) TLCCI), HID, II, TLCCNlI, Al, IC, TLC(NI),
 
1 A2, TLC(3), ICNT
 




C **SECGND/FOURTHISIXTH CARD IMAGES 
ICNTIl ICNi 
ICNT = ICNT + 10 
WRITE(0,7002 TLCt4), ICNTI, IC, TLC(N4), CN2), IC, TLC(N31,CUN5) 
CALL STORE( 18 
C
 
NI = NI + 1
 
IF(J GT. 1) GO TO 40
 
N5 = N5- I
 







N3 = N3- i
 
N2 = N2- 1
 




























7001 FORMAT(A4, A12, 18, A8, FB.I, I8, A8, F8.1, A12, 14)
 












ING =1G + 1__
 




C ** 	 N GT 20 NCT PERMITTED 
N = 20 
GO TO 40 
20 CONTINUE
 
C * 	 BLANK OUT UNUSED PART 0F IMAGE 
11 = N + I
 









o * 	 READ IN CURRENT CARD IMAGE 


















IF(K.NE. B) GO TO 20
 
READ1U,7001) IDMATINATI) ,E(NMAT13 XG,XNU
 










IF(XG.GT.O.3 GO TO 40
 






















C ROUTINE TO PROCESS A CQUADI.CQUAD2, OR CODMEM ELEMENT-..............
 
c CONNECTION, DEPENDING IF NE=2,3, OR 4. STORE INFO SO
 
C THAT CONNECTION CARDS CAN BE ALTERED IF JOINTS INTRODUCED
 









IF(NCPLT.EQ.1000) GO TO 80
 




X 	 TH(NCPLT) 












7G02 FORMATI129HO*** PLATE CONNECTION TABLE FULL. ALL PLATE CONNECTIL ... 
XONS FROM FOLLOWING CARD ON ARE NOT CONSIDERED BY PREPROCESSOR t* / 















C THIS ROUTINE PROCESSES THE SPLATE CARD AND STORES
 






































































































































IF(NPPLT.LT.1000) GO TO 8 
WRITE(6,000) CD 
--. 7C00 FORMAT( 55H0*** _PLATE PROPERTY TABLE FILLED. CANNOT CONTINUE *** 




































SUBROUTINE PJ - _ 
C 


















COYMON/ BCROD / EORD(IOOOt4), NCRD
 
COHY.ON/ EPROD / [OX1IOGO), 0IO(1O0O), PROP(1000,4), NPRD
 
CO$CON/ BCBAR / IDB(1000), IPB(IOOO), IBA(IOOO), 188(1000),
 
I [BREC(1O0)., NBAR, NBREC
 






























































































































































C SEARCH ROD TABLE FOR RODS ALONG EDGES "GA-GD 
OR GB-GC
 


























26 	IF(.NOr.(IORD(1,3).EQ.GB.AND.IDR(I,41.E.Q.GCI)GO TO 28
 











JI=GB . . . .-. ..-
J2=GBP 
GO TO 34 






















C SEARCH BAR TABLE FOR BARS ALONG EDGES GA-GD OR GB-GC
 














IF(K.EQ.IPLS) GO TO 43 
7000 FORMAT( IOAB ) 
IF(.NOT.(IBA(IL.EQ.GA.AND.IBB(I).EO:GD))GO TO 44 






44 IF(.NOT.CIBB(l).EO.GA.ANO.IBA(t).EQ.GO)GO TO 46
 














48 IF(.NOT.(IBB(I).EQ.GB.ANO.IBA(I3.EQ.GCI)GO TO 70
 
































C SEARCH FOR RODS OR BARS ALONG EDGE GA-GB. IF FOUND, HALVE - --
C THE PROPERTIES AND ALSO PUT SAllE ALONG GAP-GOP 
C 




IF(GA.EQ.IDRD(I,3).AND.GB.EQ.IORD(I,t4)) GO TO 708
 




















































IF(K.EQ.IPLS) GO TO 743
 
IF(GA.EQ.IBA(I).AND.GB.EQ.IBB(I1) GO TO 748
 





-- .. RE IN.D __ 
D 750 K=1,NP8R­























7030 FORMATI Al )
 
IF(K.NE.KSTR) GO TO 762
 
... C 


























REAO(O,7033) MEO,(AX!K),K=L,5) ......-. 




WRITE(9,70341 IDEX,IPE X,GAPGBPP(WWK)hK=6,9) 
-- 7034 FORMAT[ 8HCBAR _f418,_4A8 ),_ - _ , , -
WRITEC9,7035) IPEXMID,AX(I),AX(2),IPEXIPEX,(AXIKI,K=3,5) 
7035 	FORPATA 8HPBAR* ,2116,2EL6.8, 3H*PB, 15/ 3H*PB 15, 3E16.8 )
 























IF(IDPP(Il.NE.J) GO TO 80
 






























C GET CCORDS OF GRIDS A AND 5. CALC DISTANCE BETWEEN
 












IF(.NOT.NEWGAPJ GO TO 89
 
c 





















.C OUTPUT GRID GAP
 
C WRI TE{9,7002 V;GAP,I NCPP, YP,ZP ....................
 
7002 FORMAT( BHGRID , 218, 3F8.3 ,2(TX,IHO))
 
C 


















89 I[L.NOT.NEWGBP) GO TO 90
 
C 





















































C GENERATE PROPERTY 
-




AREA=.5*PLTPRM(KK,4)*XLAB*T -.. . ..-. 
wRITE(9,7004) IPEXIMEX,AREA 
7CC4 FORAT 8HPROD 218, 4F8.4 
_ - IPEX=IPEX .... 
C 
































































C -- IF(MPCIOD(KK).5Q..O1 GO TO 120 _________ 


















00 110 t=4,6 
IF(NEiGAP)
X 1RITE(9,7007.) MPCID(KK),GAP,IGAK--... . ...... ...... ...-... 
IF(NEhGBP2 
X WRITE(9,7007) MPCIDIKK),GBP,IGBlI 
110 CONTINUE 
7007 FORMAT( 8HMPC , 318, 5X,3H-l., 2I8,6X-2H1. } 
120 CONTINUE 
IFCC(IMP(KK) .EQ.O.I Ga. TO 30 
C
 

















































C READ AND STORE CORDIC CARD (K=l) OR CORD2C CARD (K=Z)
 

























































C ROUTINE TC CONVERT ANY GRID POINTS(INVOLVED IN BAR JOINTS)
 








COMMON/ BGRID / IDG(L0001, ICP(IOOO), GCO(I000,3), NGO, DUMM
 
X ,IXCDtIOOO},IXPSCIOOO) 
REAL*8B IXCD, IXPS 
COMMON/BCORD/ IDCOR(20OhIF1OR2(20,XPP20,9)tNCORO 
EQUIVALENCE (TN(,l),VICI) ,CTNE(,2IVJI1)),(TN(1,3,VKl1)) 
IF(NCCRD.LE.0) GO TO 801-----------
DO 800 IC=INCORD 
IDC=IDCORIIC) 
KIND=IFIDR2[IC) ------­
IF(KIND.EQ.2 .OR. KINO.EQ.4) GO TO 20 























--xPP(IC,6)=GCD(I,3) __ __ 
GO TO 8 
6 	IF(JJI3).NE..IOG(I)) GO TO08
 









VK( 1I=XPP( IC,A)-XPP( IC, 11
 
----- VKI2)=XPPCIC,.5)-XPPC IC,2)_______________________ 
VK( 3)=XPP( IC, 6)-:XPP( I,3 
X=SQRT(VK(1)t*2+VKi234*2+VK(31**2J 





VlI )=XPP IIC .7 -X PP( IC, 1)
 






















IF(IOC.NE.ICPiIH) GO TO 60
 























































7000 FORf'AT( BHGRID* ,116vt5X,1HO,2E16.8. 2H-*G,16 / H*G,16, 
X E16.8,2(BX,A81) 































































7000 FORMAT( 8HMPC ,18,2(18,18,F8.51,8X, 3H+MR,15_/
 
X 3H+MR,t5, 8X,2(IB,I8,F8.5),8X, 3H4MS,15 /
 





































































































This program, written in FORTRAN IV,was developed to calculate individual joint
 
damping parameters necessary to provide prescribed modal damping inspecific
 
flexible modes. The preprocessor computer program (Appendix I) separates joints
 
with similar damping properties into groups called damping sets. Elemental
 
damping matrix partitions are generated for each damping set using arbitrarily
 
specified damping parameters for each set whose damping parameters are unknown
 
a priori; The joint damping predictor (JDP) computer program ignores all damping
 
not 'input by the preprocessor. The user identifies the modes for which modal
 
damping is specified (at least one mode per damping set) and inputs the desired
 
modal damping for each mode. The JDP then calculates scale factors by which the
 
damping parameters for each damping set must be multiplied to obtain the desired
 
modal damping. If the damping is specified for more modes than the number of
 
damping sets, the JDP performs a least squares fit in the calculation of the scale
 
factors. The JDP requires gridpoint number 1 to be used in the structural model.
 




The input data required by the joint samping predictor (JDP) computer program consisi
 
of punched cards and a NASTRAN restart tape. The NASTRAN tape contains the followin
 
structural dynamic data inmatrix format:
 
a. modal eigenvectors (gridpoint #1 must be in the model)
 
b. elemental damping matrix partitions-- one for each damping set.
 
The punched-card input required for the JDP is as follows:
 
1. NUMB - format (1615) 




2. 	 IMDE(I), I = 1, LMODES - format (1615)
 
IMODE = mode number for which modal damping is specified.
 
3. DAMP(1), I = 1, LMODES - format (8F10.0) 






4. 	XXM(I),XXF(I), I = 1, LMODES - format (2FI0.O)
 
XXM = generalized mass
 
XXF = modal frequency (rad/sec)
 




The JDP prints out a scale factor for each damping set which, when multiplied
 
by the respective arbitrary joint damping parameter used for each set in the pre­
processor input, gives the desired modal viscous damping. The output also includes
 
the coupled modal viscous damping matrix for those modes used in the calculations.
 
The diagonal terms of this matrix are:
 
C = 2 i. mi 
where:
 
i = modal yiscous damping ratio
 
Wi = modal frequency (rad/sec
 




Joint Damping Predictor Listing .
 















DATA SUBS/ 5HBGGOO, 5HBGGOI, 5HBGGOZ, 5HBGGO3, 5HBGGOA, 
5HBGG05 ,_-5HBGGD6 ,_5HBGGOT. 5HBGG08 I 
DATA PVS / 5HPVOO , 5HPVOI , 5HPV02 , 5HPV03 , 5HPV04 
X 5HPV05 * 5HPVO6 * 5HPV07 SHPVO8 /














C INPUT NUMBER OF B-SUBSEtS. 
C 
REAO(5,9) NUMB 
9 FORMAT(1615 - -----------------. 
C 
C READ LIST OF MODES TO USE 
C 
LMODES=O 
8 READ(5,9) IDUM 
DO 15 1=1,16 .... 
IF(IDUM(IL).LE.0) GO TO 16 
LMODES=LMODES+1 
MO DI LMODES)=IDUMD(1)... . . . . -
15 CONTINUE 





C INPUT DAMPING FACTORS 
C 
REA(5,3) (DAMP(I)I=1LMODESL ........... 
3 FORMAT( 8F10.0 ) 
IF(IU.EQ.-6789) GO TO 3960 
C READ GEN MASS AND FREQS FROM CARDS 
C 




GO TO 22 
3960 CONTINUE OF 
248
 
C LAMA TABLE FROM CHECKPOINTTAPE. FORM ARRAY_OF
___GET 


























IF(K.GT.LMODES) GO TO 22
 
_ 20 J=J+7 	
__ 














































WRITE{11) (X(1,I =1LL| . ... . .. 
LI1(K)=L, 
K=K+1 




C READ PARTITION VECTOR FOR A-SUBSET (PVOO), AND BUILD 
































--JRIWRITE6t4OL.t(TX[,J LJJ_ _ _ _
 


















50 D1()=2.*DAMP(I)*WM(I) -BHH(II) 
-_ 	C 
C FOR EACH B-SUBSET, CALCULATE (PHI)T - BGGNN PHI 
C AND BUILD C-STAR MATRIX
 











CALL NFETCH(NBUF,PVS(JJ),X,1,J,7000,QOSIIUS2K, 1-3) 






O0 54 K=1,L 
IF(X(K).EQ.0.) GO TO 54 









































108'BB (II=Bb{fI )+CSTR-(K, I I IIK) 
C 







DO 112 K=ILMOQES 















C THERE ARE NOW NUP SCALE FACTORS IN A- FORM FINAL BHH BY 
C SUMMING THE MATRIX PRODUCTS FOR EACH SCALED SUBSET. 
c BHH = SUMMATIONC (PHI)T * A(I)*BGGNN * PHI ) 







































DO 154 K=1,L 







C FORM MATRIX PRODUCT (PHI)T * BGGUN * PHI 
C 
REWIND KKK 
-­ _--_-CALL NFETCH(NBUE*SUBSLJJ),X(Jl )t,J17OOOtOSl,U,SZtKy-,3)---- _ __ -
IF(K.LE.O) STOP 44 
REWIND KKK 
C STORAGE ARRAY MAP 
C NAME ADDRESS LENGTH 
_ C -_ 8HH-.... X(.]} LMTOT.tLTOT 
C RC X(JO) L 
C SCRATCH X(Jl2 L*LMTOT 
c SCRATCHRX{.J2L. LLPHI 





. .... IF[J4.LESMAXXXI..GT0.U5_16 -----­
WRITE(6,161) J49L.LMTOTtLPHI 
161 FORMAT( 25HICORE OVERFLOW. LENGTH =, 16t 9H REQUIRED / 




IF(JJ.GT.1) GO TO 170 
FAC=l. 
GO TO 180 
170 FAC=A(JJ-1) 
180 CONTINUE 
DO 184 I1,LMTOT2 . 








C FORM MATRIX PRODUCT (PHI)T _._B._PH_=_BHH--
C 
C IUPHI - UNIT CONTAINING PHI 
C IUB - UNIT CONTAINING B 
C RC - ROW/COLUMN INDICES FOR B SUBSET OF PHI 
C LRC - LENGTH OF RC 
C X - STORAGE FOR (PHI)T * B PART (LENGTH=LRC*NMODES) 
252
 
C Z - SCRATCH
 

























18 	READ( IUB,END=6O0A1 J,, 
II=11+1
 




































































[F(KK.GT.LPHEJ GO TO 84
 






















DO 20 J=I L
 
20 WRITE(6,8) JtX(I,J), I=I,L)
 
8 FORMAT( 5HOMODE, 13 , 2X, 10E12.5 / (IOX, OE12.5 }}"
 












__ WRITE(6.22 	 ----AA ­
2 FORPATC 'OPARTITION VECTOR 'i AS) 
WRITEI6,4) X 







C ROUTINE TO READ MATRIX FROM NASTRAN SAVE TAPE - PVECO816
 
C MO - NASTRAN BUFFSIZE USED TO GENERATE TAPE -------- PVEC0817
 
C AA - FILE NAME OF MATRIX PVECO818
 
C AS - MATRIX (OR TABLE) RETURNED HERE PVECD819
 
C IJ - MATRIX SIZE (RETURNED)-" PVECOSZO
 
C IDIN - DIMENSION OF AS ARRAY PVECO821 
C IRWO - IF =1, REWIND TAPE BEFORE SEARCH BEGINS PVECO822 
- _ C =0, DO NOT REPOSITION TAPE BEFORE. SEARCH. . ... PVECO823 
C SS - SCRATCH ARRAY OF LENGTH MO PVECO824 
C IU - FORTRAN UNIT CONTAINING TAPE PVECO825 
C S2 -- SCRATCH ARRAY OF LENGTH_--2*IDIM+MO ...... PVECOB26 
C ISUC - IF SUCCESSRETURNED =1 IF FAILURE,RETURNED =-1 PVECO827 
C IPREC - IF =I, RETURN S.P. RESULTS, IF =2, RETURN D.P. PVECO828 
.... C KIND - IF 1, READ FILE.AS.ATRIX..---_ _PVECO829 _..
 
C =2, READ FILE AS TABLE, STORE EACH RECORD AS A COLUMN PVECO830
 
C OF MATRIX AS (IDIM.GE.LONGEST RECORD OF TABLE) PVECO831
 
--	 C =3, READ FILE AS MATRIX, WRITE FULL-COLUMNS ON UNITTOUT, PVECOS32__ 
C DO NOT RETURN MATRIX IN AS, USE COL I OF AS FOR WORK PVECO833 
C =4, READ FILE AS A TABLE, WRITE EACH RECORD ON UNIT IOuT PVECOB34 






.. COMMON/ XXUNPA /_LSP 	 _PVECO838 
INTEGER AA(2),AS(IDIMt),SS(),S2(1),COLEND 	 PVECD839
 




































___IF(L.EQo.0) GO TO 900 PVECOB56
 
IF(L.NE.2)GO TO 38 PVECO857
 








IF(SS(KI+t).NE.AA(i)IGO TO 40 PVECO862
 
C POSS'IBILITY OF NAME BEING CONTINUED-TO NEXT-BLOCK- PVECO863
 
IFIL.NE.1) GO TO 39 PVEC0864
 
IF(KI.NE. (MEND-i)) GO TO 39 PVECO865
 














IF(L .EQ.0) GO TO 900 PVEC0872
 
IF(SSIKI+i.EQ.AA(2)) GO TO 60 PVECO873
 




















IF(LL.EQ.IEND)GO TO 20 PVEC0884
 








IF(KI.Lt.NEND)GO TO 30 PVECO889
 
C CHECK POSSIBILITY OF UNUSED WORDS AT END OF BLOCK PVECO890 
DO 50 1I=K1,MI .. ____.PVECO891 _ 
L SSIII) PVECO892 
IF(L.EQ. IEOF) WRITE(IPRNTI,2)' 
IF(L.EQ.IENO) GO TO020 .. PVECO894 . 
50 CONTINUE PVECO895 
GO TO 20 PVECO896 
60 CONTINUE PVECO897 
R!F fUCI$wll~JTY OF THE]255 091GtNAL 'PAGE IS NO h 
C . .. ... 























































C CHECK FOR RATRIX TR4tILER AND CHECK TO
 
C-- SKIP OVER_4t-WORD.PREAMBLEOE PLOT.-VECTORS E.G.,_PHIG)____
 
C PVECO918 
IF(SS(KI2).GE.ITRLR) GO TO 100 
IFIL.GE.6 SAND. IABSCSS(KI+6))LT.COLENDI KI=Kl+4-----------­
KK=1 PVECO9[9 
64 	CONTINUE PVECO920 
K=Kll ....... ..................... PVEC0921 
L=L-1 PVEC0922
 




IFIJJ.EQ.CDLEND)GO TO 70 	 PVEC0925
 






GO TO 64 PVECo929
 
70 CONTINUE .. .. . .. .. . . . . PVEC0930 
S2(KKI=COLEND PVECOS31 
J=J+l PVECO932 
IF(KIND.EQo.3GO TO 74 . .... -. PVECO933 
C UNPACK COLUMN J, STORE IN AS PVECO934 
CALL XXUNP(AS(1,J],S2{(1lt',ttM,IPRECI PVECO935 
IF(M.GT.I)I=M - ....- PVECO936 
GO TO 80 
74 CONTINUE PVECO938 











80 CONTINUE. - - -- - -.- - - - - -.PVECO946 ... 







IF(L.EQ. IEOF)GO TO PVECO949 
L=L/4 PVECO950 
IF(KI.LT.MEND) GO TO 62 
C INPUT NEXT BLOCK PVEC0952 
CALL RX(SS(1),MIIU,III PVEC0953 
IF{II.LT.O)GO TO 960 PVEC0954 
K1=4 PVEC0955 
L=SS(Kl)/4 PVECO956 
GO TO 64 
100 CONTINUE PVECo958 
C GET ROW SIZE FROM MATRIX TRAILER PVEC0959 
_KKK=SZ(I) PVECO960 
ThK2- PVECO 961 
GO TO-800 PVECO962 
200 CONTINUE PVEC0963 
C .PVEC0964 






202 CONTINUE PVECO9T1 
KI=KlI+I PVECO972 
L=L-...=- "I PVEC0973 
IF(L.LT.O)GO TO 220 PVEC0974 
KK=KK+. PVECO975 
IF(IDIM.LT.KK) GO10S40 MAY31 73 
AS(KKM)=SS(KI) PVEC0976 
GO TO 202 .. . .. . . . .. .-. . . ... . ... . PVECO977 





IF(L.EQ.IEOF)GO TO 250 PVECO9S3 
L=L/4 PVECO984 
IF(Kh.LT.MEND)GO TO 230 PVEC0985 
CALL RX(SS(l),Ml,IU,II) PVECO986 




L'SS(K1)/4 . PVEC0989 
C CHECK IF LAST RECORD WAS CONTINUED PVECO99o 
II=MOD(JJ,2) PVECOq9. 
IF(II.NE.O)GO. TO 202 PVECO992 
230 CONTINUE PVECOS93 
IF(KIND.EC.2)GO TO 200 PVECO94 
WRITE(IOUT) AA,J,KK PVECO995 
wRITE(IOUT) tAS(II,1), II=1tKKI PVECO996 
GC TO 200 PVEC099T 
250 CONTINUE PVEC0SB ...... 
IF(KIND.EQ.2)G0 TO 800 PVECO999 
wRITE(IOUT) AA,J,KK PVEC1000 







4 FORMAT( 1OFINISHED PROCESSING' PVECIO04
 






-- WRITEIPRINT,5} IU MAY29 73
 
CC 5 FORNATI '0** ENO OF CATA ON TAPE **O I PVECIOG8
 
5 FORMAT( 0** END OF DATA ON TAPE ** UNIT=',13 MAY29 73
 
GO TO 996 	 PVECEOO9___ 
940 CONTINUE MAY31. 73
 
WRITE(UPRINT,7) AA,IU,IDIM MAY31 73
 
.... Y7___ORMAT(. '0* SCRATCH.SPAC.BEQUIREDOBYXFETCH TO PROCESSt2.A4tYMAY3I_73
 
X ' ON TAPE UNIT',13,' IS GREATER THAN 4,I10,'WORDS' 2 MAY3L 73
 




CC WRITE(IPRNTI,6) PVECIOII 
WRITE(IPRINT,6) IU MAY29 73 
-CC 6 FORMAT( '0"* PHYSICALENDOESIL E-*) PVECIO.12­
6 FORMAT! '0**PHYSICAL END OF FILE ** UNIT=',13 I MAY29 73 
996 CONTINUE PVEC1013 
















READ(IUIENDO 9) A ... .. . . . . . . .. PVECI023
 
I FORMAT( 1020OA4)) PVECIO24 
RETURN PVECIO25 





SUBROUTINE XXUNP(C,SLC,IMAXIPREC)-----.-... .... ............... PVEC1029._
 
C PVEC1O30 
C ROUTINE TO UNPACK NASTRAN COLUMN IN S AND PLACE IN C PVECI031 
- C ACCUMULATE LC AS MAX LENGTHOP.COLUM .... PVECI032 
C PVEC1033 
DIMENSION C(1},S(1) PVEC1034 
INTEGER C,S .. PVECI035 
DATA IEND/ ZOOFFFFFF / PVECI036 






DO 20 I=1,IMAX PVECI040
 
20 C(I)=O . . PVECIO41
 




IF(IB..GT.4)GO TO 100 PvEC1044
 
GC TC (22,23,24,25), 18 PVEC1045
 







GO TO 28 PVECI049 
C S.P. TO O.'P. PVEC1050 
23 K1=l _PVEC051.. 
K2=2 PVECI052 
GO TO 28 PVECI053 
C O.P. TO S.P.-7- _ ___PVECI054 
24 KI=2 PVEC1055 
K2=1 PVECI056 
GO TO 28 PVEC1O57 .. 
C D.P. TO O.P. PVECI058 
25 K1=2 PVEC1059 
-,2K2=2 PVECI-060 
28 CONTINUE PVEC1061 
tI=tS(1)-L)*K2+1 PVEC1062 
1=6-Kl PVEC1063 
30 CONTINUE PVECI064 
I=[+K1 PVECI065 
32 CONTINUE PVEC1066 
J=SII) PVECI067 
IF(J.EQ.IENO)GO TO 90 PVEC1068 
IF(J.LE.O)GO TO 40 PVEC 69 
1F(J.GT. IENOIGO TO 40 PVEC1070 
II=(J-l*K2+1 PVEC1071 
1=1+1 I . _PVEC1072.___ 
GO TO 32 PVEC 1073 
40 CONTINUE PVEC1074 
CtI)=J PVECI075 
EF(IB.LT.4)GO TO 50 PVEC1076 
IF(IB.NE.4)GO TO 42 PVEC1O77 
C(tI 1)=S(I+1) PVECI078 
GO TO 50 PVEC1079 
42 CONTINUE PVECI080 
4"4 




GO TO 50 PVECIO83 
45 C(112)=S{I+1) PVECI084 
GO TO 50 PVECIO85 
46 C(II+1)=S(l+2) PVEC1086 
GO TO 50 - EVECIP8__ 
47 C(Il+I)=S(I+1) PVECI088 
C(II+2)=S(1+2) PVEC1O89 
- ( IIi-3)=S(I+3.)..... -_ PVECO90 
50 CONTINUE PVEC1O91 
If=If+12 PVECIO92 
GO TO 30 PVEC1093 
90 CONTINUE PVECI94 
LSP=II-i PVECO95 
LC=LSPIK2 PVEC1096 
96 CONTINUE PVEC1097 
RETURN PVEC1O98 
ICO IBB=18-4 PVECIO9 
GO TO (122,123,124,125), IBS PVECIIO0 
C COMPLEX S.P. TO S.P. PVEClIO1 





GO TO 28 PVECI1C4
 






GO TO 28 PVEC108
 






GO TO 28 .... . PVECI1I2--





--	 K2=4 _PVECI 15 __1 
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This program, written in Fortran IV,was developed to provide a rational
 
means of selecting critical modes for low-frequehcy control-system studies,
 
for higher-frequency vibration analyses, and for POGO stability and dynamic
 
loads analyses. Mode selection for these various requirements is accomp­
lished by six options. Mode selection for control-system studies may be
 
accomplished in Option 1 with calculated rate and position coefficients for
 
gyro sensors and/or position coefficients for an optical sensor. Mode
 
selection for vibration analyses may be accomplished in Option 2 with
 
calculated peak image motions due to sinusoidal excitation or root-mean­
square (RMS) image motions due to random power-spectral density (PSD)
 
excitation. Option 3 includes both of these sets of calculations. The
 
calculations of Options 1-3 are performed using uncoupled normal modes.
 
The computer program therefore includes a provision for approximately
 
assessing the effects of a coupled modal viscous damping matrix in Options
 
1-3 and for using the coupled damping matrix directly in mode selection by
 
admittance techniques (Options 4-6). The program also includes a provision
 
for converting the dimensional units of the NASTRAN modal data on the
 
restart tape. The general logic flow of the postprocessor computer program
 
is shown in Figure II1-I.
 
The program is limited to a maximum of 100 gridpoints of interest and of
 
300 eigenvectors taken from the NASTRAN restart tape. A maximum of 20
 
pairs of numbers may be used to define the ranges of eigenvectors of interest
 
for selection from the NASTRAN tape. A maximum of 20 gridpoints (120
 
degrees of freedom) may be used to define the optical amplification matrix.
 
There are no limitations to the number of rate (gyro), position (gyro), and
 
position (optical) gain coefficients which may be calculated in Options 1
 
or 3. A maximum of 20 gridpoints (120 degrees of freedom) may.be loaded by
 
sinusoidal or randomC PSD) loads in Options 2 or 3. The input load PSD is
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j OPTION 4,5AND6CONVERT UNITS 
CALCULATE DISPLACEMENT ' 
VELOCITY ADMITTANCES OPTIN IAND/Orl 

ASSESS MODAL VELOCITY COUPLING I I
 
OPTION 2 OUTPUT FOR SUBSEQUENT 
O DYNAMIC ANALYSIS 






OPTIONS I AND 2 CALCULATE IMAGE DISPLACEMENTS
 




RANDOM FORCES AND TORQUES
 




Figure 	II-1. Postprocessor Program Flow 
Input Description
 
The input data required by the postprocessor consist of punched cards and a
 
NASTRAN restart tape. The NASTRAN tape contains the following structural
 
dynamic data in matrix format:
 






d. generalized modal viscous damping terms.
 
The NASTRAN run which generates the modal data must include one or more
 
discrete viscous damping elements and sufficient DMAP instructions to
 
calculate and output the coupled generalized damping matrix. The necessary
 
DMAP ALTER statements are included in the EXECUTIVE CONTROL deck as shown
 
previously in Appendix I, Table I-I.
 
The punched-card input required for the postprocessor is prepared in fourteen
 
distinct data sets as follows:
 
1. Overall problem control card. Format (2110, 3FlO.O)
 
A. NOPT 1, perform low-frequency control-system calculations 
= 2, perform higher-frequency fine-stabilization 
calculations 
3, perform both of above calculations 
= 4, calculate displacement admittances 
5, calculate velocity admittances 
= 6, calculate both displacement and velocity admit­
tances 
B. 	N0PLOT 0, generate plots
 




C. NCONV 	 = 0, no conversion of units 




2, convert from inch-slinch-second to meter­
kilogram-second
 
- 3, convert from foot-slug-second to meter­
kilogram-second
 
D. 	 DFAC: Multiplying factor for modifying the damping matrix
 
obtained from the NASTRAN restart tape.
 
E. 	ALFI: Damping magnitude ratio for potential modal velocity
 
coupling (typical value is 0.01).
 
F. 	 ALF2: Frequency factor for potential modal velocity coupling
 
(typical value is 10.0).
 
G. SYM 	 = 0, complete structural model
 
= 1, half-model described by symmetric and anti­
symmetric modes
 
2. 	A list of gridpoint ID's used to select the row subset of the [4j
 
matrix of eigenvectors on the NASTRAN tape. Only the rows correspond­
ing to the six degrees of freedom for each of the gridpoints of this
 
list will be retained by the postprocessor. All other rows of [@]
 
are discarded to save core storage. Note that every gridpoint of
 
interest and used in subsequent data sets must be given in this list.
 
Format (81 10 until a blank field is encountered. If a row ID occurs
 
in column 80 of a card, a blank card must follow).
 
3. 	A set of data used to select the column subset of eigenvectors from
 
the [M] matrix from the NASTRAN tape. Columns are selected by giving
 
pairs of numbers which indicate either a range of mode numbers or a
 




A. 	 Control parameters: IMODE, LMODES. Format (2110). If IMODE is
 
input as 1, pairs of mode numbers must be given. If IMODE is
 
input as 2, frequencies in radians per second must be given.
 
LMODES 	is the number of pairs of values to be input.
 
B. 	 Pairs of numbers to select columns-from the [@] matrix. Format
 
(2110 or ]F1O.O depending upon the value of IMODE).
 
4. 	 Mode number, frequency, and generalized mass for each mode selected
 
for the analysis. Format (2(110, FlO.O, FlO.0) until a blank field
 
is encountered). This data set is required only if SYM = 1.
 
5. 	 A set of user-supplied damping coefficients for adding modal viscous
 
damping terms to the damping matrix obtained from the NASTRAN restart
 
tape. Four terms per card are input giving mode number (i)and damping
 
value (Ci= Ci/Cc) for each mode. The term Ci = 2 i,wi NMi is calculated
 
automatically and added to the diagonal of the modal damping matrix.
 
If no user-supplied damping is desired, insert a blank card. Format
 
(4(110, FIO.0) until a blank field is encountered).
 
6. 	A set of gridpoint ID's denoting degrees of freedom for calculating a
 
generalized damping force (Fk) used in assessing the degree of modal
 
velocity coupling. Six degrees of freedom per gridpoint are assumed.
 
m 
Fk 	 k m number of degrees of freedom,




k = mode number
 
Format 	(8110 until a blank field is encountered).
 
Note: 	 If NOPT input on the first control card is 4, 5, or 6, the next
 






7. 	The optical amplification matrix (B0 ) input bY rows.
 
A. 	List of gridpoint ID's identifying the columns of the matrix.
 
Six degrees of freedom per gridpoint are assumed. Format (8110
 
until a blank field is encountered).
 
B. 	The three rows of the matrix. The units for the optical amplifi­
cation matrix must agree with the output system of units specified
 




8. 	 If NOPT input on the first control card is 2 or 3, applied load data
 
is read next. This data is used to form generalized forces for calcu­
lating image motions due to sinusoidal or random (PSD) excitations.
 
A. 	List of gridpoint ID's that are loaded. Format (8ilO until a
 
blank field is encountered).
 
B. 	Length of force vs. frequency tables and type indicator. Input
 




C. 	Table of frequencies in radians per second, table of forces, and
 
table of torques. Each table must begin a new card. The units
 
for the force and torque tables must agree with the output system
 
of units specified by NCONV on the first control card. The PSD
 
is defined with frequency in Hz. Format (8FlO.0).
 
9. 	 If NOPT is I or 3, two tables of importance factors as functions of
 
frequency are read next. The table of rate factors is input first
 
followed by the table of position factors. These factors are
 




for the frequency-dependent characteristics of the control system.
 




A. 	Table lengths, NR and NP. NR is the number of pairs of rate
 
factors and frequencies to be input while NP is the number of
 
pairs of position factors and frequencies.
 




C. 	Table of position factors. NP pairs of frequency/position factors
 
are read (Format 8FI0.0).
 
10. 	 If NOPT input on the first control card is 1 or 3, groups of 4 integers
 
are read next. These integers indicate freedoms for which rate coeffi­
cients are calculated. Values for Ml, M2, M3, and M4 are input. If
 
no rate coefficients are desired, insert a blank card. If M2=M4=0,
 
then rate coefficient R(M1, M3) is calculated. Otherwise the following
 
rate coefficients are calculated:
 
R(M1, 	M3), R(Ml, M3+1), R(MI, M3+2), ", R(Ml- M4)
 
R(M1+l, M3), R(M1+l, M3+1), ", R(Ml+I, M4)
 
R(M2, 	M3), R(M2, M3+1), "", R(M2, M4)
 






I1. In NOPT input on the first control card is 1 or 3, groups of 4-integers
 
are again read. These integers indicate freedoms for which position
 
coefficients are calculated. Values for Ml, M2, M3 and M4 are input.
 
If no position coefficients are desired, insert a blank card. The
 
following calculations are made, depending upon the combination of
 
non-zero values for Ml, M2, M3 and M4.
 








P(Ml, M3), P(MI, M3+1), "", P(MI, M4)
 
P(Ml+l, M3), P(MIl+l, M3+1), ", P(MI+l, M4)
 
P(M2, M3), P(M2, M3+1), ", P(M2, M4)
 
C. 	M2=M3:M4=0, Ml nonzero. The position coefficient using optical
 
sensors P(Ml, ) is calculated.
 
D. 	M3=M4=O, M1 and M2 nonzero. The following position coefficients
 
using optical sensors are calculated:
 
P(MI, 	),P(MI+l, ), ", P(M2, ) 
Format 	(4110 until a blank card is encountered).
 
Note: 	 If NOPT input is 1,2, or 3, the input is now complete. For values
 




12. 	 If NOPT is 4 or 6, pairs of freedoms for displacement and accelera­
tion admittances are input next. The ordering for each pair of
 
freedoms is response freedom followed by the input freedom. Format
 
(8110 until a blank field is encountered).
 
13. 	 If NOPT is 5 or 6, pairs of freedoms for velocity admittances are
 
input next. The order for each pair is response freedom followed by
 
the input freedom. Format (8110 until a blank field is encountered).
 
14. 	 GAMMA 1 and GAMMA 2 are read next. GAMMA 1 is the damping magnitude
 
ratio for potential modal velocity coupling equivalent to ALF2 in
 
Options 1-3. GAMMA 2 is the frequency factor for potential modal
 
velocity coupling equivalent to ALF2 in Options 1-3. If GAMMA I and
 
GAMMA 2 are zero, all modes selected by card set 3 will be used in
 
the admittance calculations. Format (2Fl0.O)
 
15. 	 A list of analysis frequencies in radians per second are read next.
 
Format (8FlO.O until a blank field is read).
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DATA A1/ 8HBHH /
 
DATA AZ/ BHLAMA /
 
DATA A3/ BHPHIG I
 










































101 FORMAT( 3110,3FI0.0,I1O 3
 
I FORMAT( 8110 )
 
2 FORMAT( SFI0.0 )
 
C IF NOPT=1, PERFORM LOW-FREQUENCY CONTROL CALCULATIONS 
C =2, PERFORM HI-FREQ FINE STABILIZATION CALCS 
C =3, DO BOTH 
C =4, CALCULATE DISPLACEMENT ADMITTANCE 
C =5, CALCULATE VELOCITY ADMITTANCE 
C =6, CALCULATE BOTH ADMITTANCES 
C IF NOPLQT=1, DO NOT PRODUCE PLOTS 
C =O, PRODUCE PLOTS 
C IF NCONV=O, DO NOT CONVERT UNITS FOR PHI,MASS,DAMPING 
C =I, CONVERT I-S-S TO F-S-S 
C =2, CONVERT I-S-S TO M-K-S 




5001 FORMAT( 42H1NASTRAN POST PROCESSOR FOR MODE SELECTION IX / iHO,
 
X 12X, SNOPTION =, 113 /
 
X 13X, 8HNOPLOT , 113 /
 
X 13X, 8H NCONV =, 113 /
 
X 13X, 8H DFAC =, E13.5/
 
X 13X, 8H ALF1 , E13.5/
 
X 13X, 8H ALFZ =, E13.5/
 
271 ARMDtJOILUTY OF THE 
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X 13X, 8H SYM =, 113 )
 




























































































































24 FORMAT( 12HOGRID NUMBER, Il, 62H REMOVED FROM LIST BECAUSE IT W
 










C PRINT TABLE OF GRIDS 
C 
WRITE(6,32) (KGRID(I,1),KGRID(I,2), I=I,LG) 
32 FORMAT( 39IINPUT TABLE OF GRID POINTS OF INTEREST / 
39H0 LOCATION OF TERMS 
39H GRID ID IN NASTRAN MATRICES / (110,17)) 
LG6=6eLG 
C-
C INPUT DATA TO INDICATE WHICH MODES ARE OF INTEREST 
C READ CONTROL FLAG, IMODE, AND NUMBER OF PAIRS, LMODES 
C IF IMODE=l, READ PAIRS OF INTEGERS FOR RANGE OF MODE NUMBERS 




5002 FORMAT( 59HITHE FOLLOWING DATA WAS INPUT TO INDICATE MODES OF INTE 
XREST / IOHG IMODE =, 12, 4X, 8HLMODES =, I3 
X. 	 36HO RANGE OF MODE MOS. OR FREQUENCIES
 




34 	READ(5,1) KMODES(I,1),KPOOES(I,2) 
WRITE(6,5003) (KMODESCI,1),KMODES(Ij2), I=I,LMODES) 
5003 FORMAT( 5X, 215 ) 
GO TO 50 
35 IF(IMODE.NE.2) GO TO 38 
DO 37 I=I,LNODES 
37 READ(5,2) XMODESCI,I),XMODESCI,2) 
WRITE(6,5004) (XMODES(I,1),XMODES(I,2), I=I,LMODES) 
5004 FORMAT( SX, 2E14.5 
GO TO 50 
38 CONTINUE 
WRITE(6,49) IMODE ,LMODES 
49 FORMAT( 44HIxERROR* BAD VALUE FOR IMODE. INODE,LMODES= , 2110 ) 





C READ TABLE OF EIGENVALUE DATA, LAMA 
C 
LFREQ=0 
IF(SYM.EQ.O)GO TO 51 
7000 	READC5,Y001) (KDUM(I)tSSCI),BB(I), I=12)
 






















































































72 FORMAT( 54HITHE FOLLOWING EIGENVALUE DATA HAS BEEN TAKEN FROM THE
 
/ H31HNASTRAN TAPE FOR THIS ANALYSIS
 






































C ADD ANY USER SUPPLIED DAMPING TERMS TO MATRIX AND
 




































IF(J.LT.IDFREQ(KK)) G1 TO 80
 

















XX(JJ+5)=XX(JJX J+4) F1 
XXCJJ+6)=XX(JJX+J+)*F1O xp jusjjjyO H 
JJ=JJ+6 


















121 FORMAT( 74H1 THE FOLLOWING SUBSET OF MODE SHAPES HAS BEEN TAKEN FR
 












C ROUTINE MVD CALCULATES EQUIVALENT MODAL VISCOUS DAMPING AND
 






















c INPUT OPTICAL AMPLIFICATION MATRIX, BR (3 BY LBRS).
 
C FIRST INPUT LIST OF GRID IDS DEFINING COLUMNS,
 
C THEN MATRIX BY ROWS. STORE MATRIX BR(TRANSPOSE) FROM
 




































C ROUTINE BREORD REORDERS THE BR MATRIX TO COINCIDE WITH
 










































C READ IN FREQUENCY, FORCE, AND TORQUE TABLES. STORE FROM XX(IFTBL)
 
C IF KINDF=O, TABELS ARE ORDINARY LOADS
 














5009 FORMAT( 1X/ 21HOLOAD TABLE, LENGTH =, 13, 9H, TYPE , 12 /
 


































C IF M2=M4=0, CALCULATE RATE (M1,13)
 












































IF(JJ1.GTO .AND. JJ2.GT.O) GO TO 196 
190 CONTINUE 
WRITE(6,192) MXI,MX3 
192 FORMAT( 80H1'ERROR* ATTEMPT TO CALCULATE RATE AT GRID NOT IDENTIFI 
*ED AS A POINT OF INTEREST , 216 





































IF(I.LE.M2) GO TO 184
 






















































































































GO TO 1001 	 -­
1010 	CONTINUECONTINUE






IF(HOPT.EQ.3 .AND. NTIME.EQ.2) GO TO 500
 

























































































C RCUTINE TC FROM EQUIVALENT MODAL VISCOUS DAMPING 
C 
C KKK - UNIT CONTAINING NTREAD COPY OF DAMPING MATRIX BHH 
C X,1X - SCRATCH ARRAY 
C IDFREQ,FREO,GNASS - ARRAYS CONTAINING MODE NOS.,FREQUENCIES, 
C AND GENERALIZED MASS. LENGTH = LFREQ 













3 FORMAT( 33HIEQUIVALENT MODAL VISCOUS DAMPING / IX I 
* 48HO MODE DAMPING COUPLED/UNCOUPLED 
* 48H NUMBER COEFFICIENT RESPONSE RATIO
 


















IF(J.LT.ID) GO TO 20
 














IF(NOPT.GE.4 * AND. NOPT.LE.6) RETURN
 
C 
C CALCULATE COUPLED/UNCOUPLED VELOCITY RESPONSE
 
























IFE.NE. ID) GO TO 120
 
C 
C FIND MODES WHICH POfENTIALLY COUPLE WITH I-TH MODE
 






00 124 J=1,LFREQ 
IF(FREQ(L)/FREQ(J) .LT. (1.-ALF2*DANP(J})I GO TO 124 
IF(FREQ(L)/FREQ(J) GT. (t. ALF2*OAMP(J))) GO TO 124 
JJ=IDFREQ(J) 
IF(X(I).EQ.0.).GO TO 124 





IF(NC.LE.1) GO TO 200 
C 





DC 140 J=INC 
JJ IX(KI+JI 
130 REAOLKKK,END=3001 AA,II,K,LL 
IF(LL.EQ.0) GO TO 130 
REAO(KKK) (X(K),K=1,LL) 
IF(II.NE.JJ) GO TO 130 











00 160 K=l,NC 
JJ=IX(KL+K) 
00 144 LL=I,LFREQ 
IF(IDFREQ(LL).NE.JJ) GO TO 144 
XM=GMASS(LL) 
XF=FREQ(LL) 






























































































40 A{I,J)=A(IJ) + S2(I,K)*SI(K,J)
 
00 44 I=I,NC 
DO 44 J=I.NC 
44 S2(I,J3=-S2(I,J) 
C 
C MATRIX C IS IN A, MATRIX 0 IS IN $2 
C 
OC 46 J=I,NC 
IF(IWJJ).NE.IO) GO TO 46 
I=J 








































I FORMAIATC ZOHO-TH ROW OF MATRIX , AZ, 16HFOR MODE 1, 1 =, I3 3 
DC 10 I=t,NC
 














































20 FORMAT( 13HI MODE NUMBER, 15 /
 
* 7HO GREC, 11X,2HTI,13X,2HT2,13X,2HT3,13X,2HR1,13X,2HR2,13X,2HR3 










C INPUT A LIST OF GRID IDS FOR CALCULATING A
 





284 	 , OF THE 











































































































































WRITE(7,52) Jl,Jl, {-A(J),SIGN(J),IE(JI, J=1,I )
 












































800 K=K+1 () T 
IF(K.LE.LLID) GO TO 30 	 - , 










C ROUTINE TO PRINT AND PLOT ARRAY X AS FUNCTION OF FREQUENCY
 


































IFCXK.GT.21 GO TO 10
 




I FORPAT( 37HIRATE COEFFICIENTS. RESPONSE FRD , 16,11, 
























1006 FCRtAT( 30HIPiSITION IGYRO) COEFFICIENTS. 
X 18H RESPONSE FROM =, 16,1, 16H INPUT FROM =, 16,11 1 
2008 CONTINUE 
WRITE(6,1OO1) 
1001 FORM'AT( 46H0 FREQUENCY MODE NO. COEFFICIENT RANK
 
2 FORMAT( EI3.5, 17, 6X, E13.5, f6 1
 





























































































11 FORMAT( 33HIPOSITION (OPTICAL) COEFFICIENTS.
 
X 20H RESPONSE FRDM = U, 16H INPUT FROM =, 16,11
 
1011 FCRlAT( IHO, 24X, 3(L5H COEFFICIENTS, 6X) 
X 23H FREQUENCY MODE NO., 7X, 1ZHU=X RANK, 9X, 







































































































31 FORMAT( 14HIlAGE MOTIONS /
 
X 23H0 FREQUENCY MODE NO., 7X, 12H X RANK, 9X9
 






























XWlRI TEO ,2002)Ml i,'2
 
2001 FORMATt'DISPL. ADMITTANCE FOR FROM', 17,' CUE TO', 17)
 
















2003 FORMAT('VEL. ADMITTANCE FOR FROM'47i,'DUE TO FROM', 11)
 
2005 FORMAT ('DISPLACEMENT ADMITTANCE '}
 




2007 FORMAT ('ACCELERATION ADMITTANCE t)
 









































































































































I FORYAT( 215 )
 
IF(NR.LE.O) GO TO 20
 









































C ROUTINE TO REORDER THE ROWS OF BR (IN 6 ROW BLOCKS) TO
 
C COINCIDE 'WITHTHE GRIC ORCER OF KGRID. GRID IDS FOR BR
 
















































WRIT E (6 82)
 
82 FCRWAT( 81HI*ERROR* THE FOLLOWING GRID IDS FOR MATRIX BR AR'E NOT F
 
































200 FORMAT( 4SHIOPTICAL AMPLIFICATION MATRIX, BR (TRANSPOSE)
 
X 49H (RE-ORDERED AS NECESSARY TO MATCH NASTRAN ORDER)
 



























C ROUTINE TO CALCULATE POSITION COEFFICIENTS FOR FREEDOM MU/NI
 
c 
C PHI---"ODE SHAPE ARRAY DIMENSIONED PHI(NPHI,NFREQ)
 
C BR----OPTICAL AMPLIFICATION MATRIX (TRANSPOSED), DIMEN. L86 BY 3
 
C IOBR--ARRAY OF GRID IDS FOR BR, LENGTH=LBR
 
C FTABLE-TA2LE CF FREQ,FORCE,ANO TORQUE
 
C KGRIO-GRID IDS DEFINING ORDER OF PHI (6 ROWS PER 101
 
C IDF---GRIC IOS DEFNINIG LOAD POINTS, LENGTH=LID
 





















LCCATE POSITION IN PHI FOR FREEDOM MINI/ 
DO 20 I=I,LG 
IF(KGRID{I).NE.NI)
KNN=(I-1)*6+Nl 
GO TO 20 
GO TO 26 
20 CONTINUE 
WRITE(6,22) MI,N1 
22 FORMAT( 63Hl*ERROR* POSITION COEFFICIENT REQUESTED AT NON-EXISTING 




DO 200 J=INFREQ 
C FOR (BR)(PHI) FOR J-TH MODE 
C 




DO 40 K=t,LBR 
DO 30 L=Ll,LG 






00 34 L=1,6 
34 X(I)=xCI)+BR(KI+L,!)*-PHIIKZ+L,J) 
40 CONT INUE OFlIT 
50 CONTINUE GOT-8M~ AI sPOR 







D 80 1K=,LIU 
0o 70 K=LLG 
IF(KGRID{K).NE.IDF()) GO TO 70 
c FCRNi PS0 LOAD 
Kl=(K-1)*6 
00 60 L=1,3 
293
 





























































C ROUTINE To READ USER SUPPLIED DAMPING AND ADD TO
 
C DAMPING MATRIX FROM-NASTRAN
 
C 
C DIN-UNIT CONTAINING NASXRAN MATRIX BHH
 






















8 REAO(5.9q CJJ(I3.B6(II, I=14)
 



































202 WRITE(6,23) ID(tI,D(I),OhIl 
23 FORPATI 16, E15.5, E17.5 
0(1)=D11 
21 CONTINUE 
22 FORMAT( 28HIUSER SUPPLIED DAMPING TERMS 








400 FORMAT( 59HINASTRAN MODAL DAMPING MATRIX (BHH), SCALED BY THE FACT 
XORS * E12.4, 6H AND , EI2.4 / 
X 5HOMOOE, 30X, bHVALUES ) 
L=I 
28 IDX=IOFREC(L) 
30 READ(DIN,END=S0) AA,JK,LL 
IF(LL.GT.O) GO TO 32 
DO 31 1=1,J 
31 X(I) O. 
LL=J 




IF(J.LT.IcxIGO Ta 30 	 .fthttf $tfTOFTHEIF(J.EQ.IOX)GO TO 33
 








WRITE(6,401) J,(X I),I= ,LL)
 
401 	FORMAT(IHO.13,5X,8E4.5 I (YX,0814.5)) 
IF(LIO.EQ.O) GO TO 50 




























COMMON/ XXUNPA / LSP PVECO83B 
INTEGER AA(2),AS(IDEM,I),SS(1),S2(I),COLENO PVECO839 
DATA IEOF/'EOF :/,[ENDIENDODI,CQLEND/ZOOFFFFFF/ PVECO840 
DATA KL/4/, IPRNT1/9/, ITRLR/ZO001000O/ 
INTEGER*2 KKO(2),KK2 PVECO841 
EQUIVALENCE (KKK,KKO(1)),(KK2,KKOC2)),(IPRNTl,IPRINT) PVECO842 
S1= MO-3 PVEC0843 
MENO=NI-2 PVECO844 
IF{IRWD.EC.O)GC TO 22 PVECOa45 
REWIND [U PVEC0846 
20 CONTINUE PVECO848 
CALL RX{SS(C),MI,IUII) PVECO848 
K1=4 
IF(II.LT.OIGO TO 960 PVECO849 
22 CCNTINUE - PVECO850 
NBLOCK=SS(1) PVECO851 
30 CONTINUE PVEC0853 
LL=SS(K1) PVECO854 
L=LL/4 PVEC0855 
IFIL.EQ.O) GO TO 900 PVECO856 
IF(L.NE.2)GC TO 38 PVECO857 
C ENCOUNTERED FILE NAME---COMPARE WITH AA PVECO858 
WRITE(IPRNTI,-IISS(K1+1),SSIKI+2) PVECO859 
I FORPAT( 'OFOUND FILE It 2A4 3 PVECO860 
38 CCNTINUE PVECO861 
IF(SS(KI+I).NE.AA(1))GD TO 40 PVECO862 
C POSSIBILITY OF NAME BEING CONTINUED TO NEXT BLOCK PVEC0863 
IF(L.NE.1) GO TO 39 PVECO864 
IF(K1.NE.(MEND-t)1 GO TO 39 PVECO865 
C INPUT NEXT 6LOCK PVECO866 
CALL RX(SS(I),tA,IUII) PVECO867 





IFIL .EQ.O) GO TO 900 PVECO872 
IF(SS(KI+t).EQ.AA(Z)) GO TO 60 PVECO873 
GO TO 40 PVECO874 
39 CONTINUE PVECO875 
IF(SSIKI+2).EQ.AA2))GO TO 60 PVECO876 
40 CONTINUE PVECO877 
IF(LL.NE.IEOF}GO TO 46 PVECOST8 
NRITE(IPRNTI,2) PVEC0879 
2 FORIAT( '0** EOF **I ) PVECO88O 
KI=Kt+1 PVECO881 
GO TC 48 PVECO88Z 
46 CONTINUE PVECO883 
IF (LL.EQ.IENDOGO TO 20 PVECO884 
C SKIP OVER LCGICAL RECORC PVECO885 
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47 CONTINUE PVECO886 
KI=KI+L+2 PVECO887 
48 CONTINUE PVECOBB8 
IF(KI.LT.MEND)GO TO 30 PVECO889 
C CHECK POSSIBILITY OF UNUSED WORDS AT END OF BLOCK PVECO89O 
DO 50 I1=KI,M PVECO891 
L=SS(II) PVECO892 
IF(L.EQ.IEOF) WRITE(IPRNTL,2) 
IF(L.EQ.IENO) GO To 20 PVECOSS4 
50 CONTINUE PVECO895 
GO TO ZO PVECO896 
60 CCNTINUE PVECO897 
C PVECO898 
C4, FOUND REQUESTED FILE PVECOB99 
C PVECO900 
WRITE(IPRNTI,3) AA,N8LOCK 
3 FORMAT( 'OBEGIN PROCESSING FILE ' 2A4, ' BLOCK NO. =', 14 I 
1=0 PVEC0903 
J=O PVECO9C4 
KI=K+L+2 " PVECO905 
IF{KI.LT.MENDGO TO 61 PVECOSC6 
CALL RX(SS(I,'I,IU,EI) PVECOSCT 
IF(II.LT.O)GO TO 960 PVECO908 
K1=4 PVECO9OY 
61 CONTINUE PVECi0910 
L=SS(KI) PVECO911 
IF(L.EQ.IEOF)GO TO 800 PVECO912 
L=L/4 PVECOS13 
GO TO (62,200,62,200), KIND PVECO914 
62 CONTINUE PVECO915 
C PVECO916 
C* PROCESS FILE AS PACKED MATRIX PVECO917 
C CHECK FOR MATRIX TRAILER AND CHECK TO 
C SKIP OVER 4-WORD PREAMBLE OF PLOT VECTORS (E.G. PPHIG) 
C PVECO918 
KK=I PVECO919 
64 CONTINUE PVEC0920 
KI=KI+1 PVECO921 
L=L-1 PVEC0922 
IF(L.LT.0) GO TO 82 
JJ=SS(KI) PVECQ924 
IF(JJ.EQ.COLEND)GO TO 70 PVECO925 
C STORE TERM IN SCRATCH PVECO926 
S2(KK)=JJ PVECOY27 
KK=KK+l PVECO928 
GO TO 64 PVECO929 
70 CCNTIUE PVECOS3O 
S2(KK)zCOLEND PVECO9311 
J=J+l PVECO932 
IF(KIND.EC.3)GO TO 74 PVECO933 
C UNPACK COLUMN J, STORE IN AS PVEC0934 
CALL XXUNP(AS(I,J),S2(1),M,IDIM,IPRECI PVECO935 
IF(M.GT.1)I=M PVEC0936 
GO TC 80 
74 CONFINUE PVECO938 
OF297 -'ii-t1TY 
PAGEt is PQOOR 
C UNPACK COLUPK J, CUTPUT ON UNIT TOUT 



























IF(KI.LT.WEND) GO TO 62
 
































































IF(L.EO.IEOF)GO TO 250 

L=L14 
IFKI.LT.NEND)GO TO 230 

CALL RX(SS(1),M1, IU,!!) 























































































































WRITECIOUT) (AS(II,1), III,KK) PVECO9S6
 














4 FORMAT( 'OFINISHED PROCESSING' I PVECIO04
 






WRITE(IPRINT,5) IU MAY29 73
 
CC 5 FORMAT( 'O* END OF CATA ON TAPE *4' 1 PVECIOCS
 
5 FORMAT( 'Ov# END OF DATA ON TAPE * UNIT=',I3 ) MAY29 73
 
GO TO 996 PVEC1009
 
940 CONTINUE MAY31 73
 
WRITElIPRINT,7) AA,IU,IDIM MAY31 73
 
7 FORMAT[ '0** SCRATCH SPACE REQUIRED BY XFETCH TO PROCESS ',2A4, MAY31 73
 
X ' ON TAPE UNIT',13,' IS GREATER THAN ',I1O,'WORDS' I MAY31 73
 






WRITE(IPRINTt6) 1U MAY29 73
 
CC 6 FORMAT( '0** PHYSICAL END OF FILE **m ) PVECIO12
 






































C ROUTINE TO UNPACK NASTRAN COLUMN IN S AND PLACE IN C PVEC1031
 














XXUNPA / LSP PVEC038 
PVECI038 
LC=O PVEC103 
DO 20 I=tIMAX PVEC1O4L 
C 
20 C(I)=O 
IF(S(fl.EQ.IENO)GO TO 96 
IB=IPREC+2*S(2)-2 
IF(IB.GT.4)GC TO 100 








22 K=1 PVEC1047 
K2=1 PVECI049 
GO TO 28 PVECIO4 
C S.P' TO .P. PVECI050 
23 KI=l PVECI052 
K22 PVECl052 
GO TO 28 PVECI053 
C D.P. TO SP PVECI054 
24 K1=2 PVECI056 
K2=1 PVEC1056 
GC TC 28 PVEC.058 
D.P. TO .P. PVEC1058 
25 KI=2 PVEC1059 
K2=2 PVEC161 
28 CONTINUE PVEC1I6 
II=(Su(1-I) K2+I PVECIO62 
I=6-KX PVECC63 
30 CONTINUE PVEC1064 
I=I+K PVEC1065 
32 CONTINUE PVEC1O66 
J=S(I) 
IFIJ.EQ.IEND)GO TO 90 
IF(J.LE.O)GO To 40 









GO TC 32 PVECI074 
40 CONTINUE PVEC1074 
C(I1I=J 
IF(I8.LT.4}GO TO 50 





GC TC 50 
PVEC1078 
PVECIO7S 
42 CONTINUE PVEC1081 
GO TO (44,45,46,47T), 
44 C(II+I)S(I+ti 























GO TO 30 PVECI093 
90 CONTINUE PVECIO94 
LSP=II-1 PVECI095 
LC=LSP/K2 PVEC1096 
96 CONTINUE PVECIO97 
RETURN PVECIcg8 
1o0 [B=184 PVEClOY9 
GO TO (122,123,124,125), 185 PVECI10 
C CCWPLEX S.P. TO S.P. PVECIICI 
122 K1=2 PVECI102 
K2=2 PVECI103 
GO TO 28 PVEC 1.4 
C COMPLEX S.P. TO D.P. PVEC1105 
123 K1=2 PVEC1106 
K2=4 PVECllC7 
GO TO 28 PVEC1108 
C COMPLEX D.P. TO S.P. PVECI1O9 
124 K1=4 PVECI 1O 
K2=2 PVECIIII 
GO TO 28 PVEC1112 
C COMPLEX D.P. TO D.P. PVEC1II3 
125 KI=4 PVEC1114 
K2=4 PVECII15 





C THIS ROUTINE CALCULATES DISPLACEMENT AND/OR VELOCITY 
C ADMITTANCES, DEPENDING ON THE VALUE OF NOPT 
C NCPT=4, OESP 
C NOPT=5, VEL 














IFCICPT.EC.5') GO TO 20 
C 
C INPUT FREEDOM PAIRS FOR DISPL ADMITTANCES 
C ORDER IS RESPONSE/INPUT FOR EACH PAIR 
C 
4 REAO(5,1) IDUM 
I FORiAT(8(1O I 
00 6 I=1,7,2 
301
 
























































C DISPL FREEDOMS ARE IX( ,IDFRD) THRU IXi ,JOFRO) 
C VELOC FREEDOMS ARE IX( *IVFROI THRU IX( ,JVFRD) 
C 















































LIT EM P 	 pOf
BETADUM i [) 



























C DETERMINE THE SET OF POTENTIAL-COUPLING MODES. BUILD ARRAY JJJ
 




































IF(J.NE.1O) GO TO 64
 
C 




IF(EETAIFRECtJ) .LE. (I.-GMA2*DAMP(J)) ) GO TO 70
 
IF(BETA/FREO(J) .GE. (1.+GWAZ*DAMP(J) ) GO TO 70
 

























































































































C MATRIX C RETURNED AT X(IIA)
 




























C CALCULATE VELOCITY ADMITTANCE
 
C 


















































































































































































































































































IF(KK.NE.L} GO TO 20
 
















27 FORMAT( IX,3A4,' ADMITTANCE. RESPONSE/INPUT FREEDOMS =',216
 




























DC 12 M=1,LL 
 OF 	 4j1W 























































































































121 FORMAT(42HIDtSPLACEME;IT/ACC[LERATIN ADMITTANCES FOR,17,iH,,16)
 






X 6X,27HACCELERATION ACCELERATION /
 
X 57H FREQUENCY RANK AMPLITUDE LEAD PHASE ANG.
 




































































































































C MATRIX C IS IN 

C STORE C IN B
 
C 
00 46 I=iNC 












































Si I ,J) =O. 
DO 20 K=I,NC 
20 SI[I,J)=S(I[,J)+S5(I,KJ*A{K,J) 
c FORM (B,+.A*Si) S2 
DC 30 I=1,NC 
00 30 J=I,NC 
30 S2(I,J)=B(I,J)+A(1,1)*SI(IJ) 
C 




00 40 I:I,NC 
DO 40 J=I,NC 
B(IJ)=O. 
00 40 K=I,NC 
40 B(IJ)=B(I,J) ­ SI(I,K)*S2(K,J) 
C 
C MATRIX D IS IN B, MATRIX C IS IN S2 
C STORE C IN A 
C 
D0"46 I=INC 














DO 18 I=1,LG 
IF(KGRID(I).EQ.M) GO TO 20 
18 CCNTINUE 
WRITE(6,3) II 
3'FORMAT( 48HOINVALID PAIR OF INPUT FREEDOMS WILL BE IGNORED 1216) 
J=l 
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